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Abbreviations, symbols and units 
ac 
ACOG 
ALAT 
ASAT 
atm 
BD 
BDecf 
BE 
bpm 
CHB 
C.I. 
C0 2 
°C 
C/S, C-section 
dc 
ECG 
EEG 
FBS 
FHR 
Fi02 
g 
h 
H 
Hb 
HHb 
igG 
IR 
IRDS 
kPa 
LED 
m, min 
mmHg 
mmol/1 
pulsatile component 
American College of Obstetrics and Gynecology 
alanine amino transferase 
aspartate amino transferase 
atmosphere 
base deficit 
extracellular base deficit 
base excess 
beats per minute 
complete heart block 
confidence interval 
carbon dioxide 
degree Celsius 
Cesarean section 
non-pulsatile component 
electrocardiogram 
electroencephalogram 
fetal scalp blood sample 
fetal heart rate 
fraction of inspired oxygen concentration 
gram 
hour 
hydrogen 
hemoglobin 
deoxyhemoglobm 
immunoglobulin group G 
infrared 
idiopathic respiratory distress syndrome 
kilo Pascal (1 kPa = 75 mmHg) 
light emitting diode 
minute 
millimetres mercury (1 mmHg = 0 133 kPa) 
millimol per liter 
Abbreviations symbols and units II 
NICU newborn intensive care unit 
nm nanometer 
ns not significant 
O2 oxygen 
ОгНЬ oxyhemoglobin 
Ρ probability 
pH degree of acidity; negative logarithm of hydrogen ion concentration 
pH qu 40 pH after equilibration with 40 mmHg C0 2 
рОг partial pressure of oxygen 
рСОг partial pressure of carbon dioxide 
r correlation coefficient 
RPOX reflectance pulse oximetry 
Sa0 2 arterial oxygen saturation measured in blood 
Sp02 oxygen saturation measured by pulse oximetry 
SD standard deviation 
stage I dilatation phase of labor 
stage II pushing phase of labor 
SVES supraventricular extrasystoles 
SVT supraventricular tachycardia 
tcpCÛ2 transcutaneously measured partial pressure of carbon dioxide 
tcp02 transcutaneously measured partial pressure of oxygen 
UA umbilical artery 
UV umbilical vein 
vag operative vaginal operative 
Love is like oxygen, love is like oxygen 
You get too much, you get too high, too high 
Not enough and you're gonna die, gonna die 
Scott, Griffin 
CHAPTER 
General introduction 
1.1 Asphyxia, distress, compromise, jeopardy, hypoxia 
1.2 Outline of the thesis 
2 Intrapartum surveillance of human fetal oxygenation 
Moutameers eagerly climb to their hypoxic limits, wooed not only by the scenery and the 
publicity but also by the subtle euphoria of hypoxia 
Oxygen is addicting, in its grip are all the mitochondna-nch eukaryotes that learned to 
depend on it during the past 1 4 billion years This the first atmospheric pollutant, is the 
waste product of stromatolites (formations of algal plankton), which excreted it at least 2 3 
billion years ago Since then, all sediments have been rusted or oxidized 
Oxygen is toxic It rusts a person in a century or less With oxygen came the danger, and 
the blessing, of fire If introduced today, this gas might have difficulty getting approved by 
the Food and Drug Administration 
John W Sevennghaus and Paul В Astrup 
In History of Blood Gas Analysis Boston International Anaethesiology Clinics 1987 Vol 25 No 4 
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1.1 Asphyxia, distress, compromise, jeopardy, hypoxia 
Inadequate fetal oxygenation during labor and delivery has been one of the main 
concerns of obstetricians since the beginning of this century [57,84,194] Until recently, it 
was assumed that a lack of oxygen during parturition was the mam cause of long term 
cerebral dysfunction [243] Insufficient oxygen supply has been given many names 
asphyxia, distress, compromise, jeopardy, hypoxia All vague and not properly defined 
terms, used randomly 
Assessment of the acid-base status in the fetal capillary blood is currently the only 
clinically used method to directly measure the fetal oxygenation during labor [218] 
Changes in the fetal heart rate, as noted by intermittent auscultation and/or 
electronic fetal heart rate monitoring (EFM), may also occur as secondary signs of 
insufficient fetal oxygen supply This was first observed at the beginning of last century (de 
Kergaradec, 1821 [126]) Since then obstetricians have been occupied in measuring and 
interpreting the fetal heart rate [46,47,86,100,153] In cases of acute decrease of fetal 
oxygenation, unambiguous fetal heart rate changes usually occur However, in cases of 
chronic hypoxia threatening the fetus, intermittent auscultation of the fetal heart rate is not 
always a sensitive tool to assess the fetal condition 
When EFM was introduced, hopes were high that with this technique, which 
supplies continuous information about the fetal heart rate pattern, early signs of hypoxia 
would be detected, so that timely interventions could decrease mortality or later sequelae 
[201] Probably based on this great enthusiasm, EFM was introduced into clinical practice 
without proper validation 
During the mid-seventies there were many reports indicating that electronically 
monitored fetuses were much better off than those undergoing intermittent auscultation 
during birth Fewer intrapartum deaths and better outcomes were observed 
[65,123,187,188] Most of these reports were based on retrospective investigations, with 
data for controls being drawn from women in the pre-monitormg years That means that 
many improvements in antenatal and intensive care of the newborn, unrelated to EFM, had 
been taking place over the same period The first randomized trial by Haverkamp et al 
(1976) [93] failed to show any benefit from EFM, compared to auscultation Furthermore, 
there was an increase in Cesarean births in the group monitored with EFM as compared to 
the other group A subsequent study of the long-term outcome [139] did not reveal any 
difference between the two groups Further studies [94,124,148,151,204,274] were 
performed in high as well as in low risk populations without showing a clear difference in 
direct neonatal course or long-term follow-up [83,237] However, an increase in obstetric 
interventions in the EFM group was observed 
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The pre-occupation with the fetal heart rate pattern as well as the difficulties in 
performing and measunng a fetal scalp blood sample (FBS) has led away from this 
technique, which can actually measure fetal oxygenation The fetal acid-base status leaves 
no room for interpretation, but the degree of acidemia which leads to a significant increase 
of neonatal morbidity is still not clearly defined [51,76-78,146,212,215,249,273] This may 
be another motive of a not more widespread use 
The use of EFM as the single diagnostic tool to assess the fetal condition is one of 
the reasons for this era of intervention obstetrics Nevertheless, obstetricians using EFM as 
a screening method but basing treatment decisions on FBS as well, were convinced of the 
intrinsic value of EFM [81] 
FBS is traumatic and only gives information about fetal oxygenation at the time of 
sampling Over the last three decades, many different approaches have been investigated 
with the goal to develop a continuous, easy to apply, non invasive tool which measures fetal 
oxygenation, to improve the efficacy of fetal surveillance 
This thesis aims to clarify some of the confusion surrounding human fetal 
oxygenation in relation to intrapartum fetal surveillance methods by addressing the following 
questions 
• What is the efficacy of EFM combined with FBS9 
• What are the effects of severe acidemia, defined as umbilical artery pH<7 00, on 
neonatal morbidity? 
• Does the continuous transcutaneous measurement of carbon dioxide contribute to the 
assessment of the fetal condition during labor7 
• Is pulse oximetry an adequate technique for intrapartum fetal monitoring? 
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1.2 Outline of the thesis 
Chapter 2 gives a review of the literature on intrapartum fetal signs of insufficient 
fetal oxygenation and methods to monitor the intrapartum fetal condition The efficacy of 
current methods is discussed together with an analysis of the contribution of labor and 
delivery to later sequelae Possible alternative techniques are discussed 
In chapter 3 the fetal acid-base balance as an indicator of fetal oxygenation is 
described Guidelines for obtaining a fetal scalp blood sample and performing sampling of 
the umbilical cord are given Fetal scalp blood sampling in combination with electronic fetal 
heart monitoring is investigated as a method for surveillance of the fetal condition To 
determine the significance of a severe acidosis, 84 neonates with an umbilical artery 
pH<7 00 were matched with 84 non-acidotic controls in a retrospective cohort study 
Chapter 4 deals with the transcutaneous measurement of carbon dioxide tension 
(tcpC02) as a tool to monitor the fetus, and clinical studies with this new technique are 
discussed The results of a multi-centre trial investigating the correlation between tcpC02 
values and pC02 values in fetal capillary blood and umbilical cord blood are presented 
Clinical experience with tcpC02 as a monitoring device in nine cases of fetal arrhythmia are 
reported 
In chapter 5 the continuous measurement of fetal arterial oxygen saturation with 
reflectance pulse oximetry (Sp02) as an alternative technique for intrapartum fetal 
monitoring is explained Clinical studies are reviewed The possible effects of maternal 
oxygen supply on the fetal oxygen saturation are critically discussed The Sp02 values in 
two cases with congenital complete heart block are described A report is given on a multi-
centre study of the Sp02 values in uncomplicated labor and delivery with normal fetal 
outcome, which are compared with cases with complications during labor necessitating 
maternal oxygen administration or Cesarean section, or abnormal fetal outcome defined as 
5-minute Apgar score<7, umbilical artery pH<7 10, birthweight<2500 gram or admission to 
the neonatal intensive care unit In a further study the validity of Sp02 as an adjunct to EFM 
is investigated by comparing obstetric interventions and fetal outcome estimate based on 
EFM and, on the other hand, on EFM combined with Sp02 Finally the intrinsic value of 
Sp02 is evaluated by quantitative analysis 
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a review 
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2.2 Signs and measures of fetal compromise 
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2.4 Validity of fetal intrapartum monitoring techniques and outcome measures 
2.5 New approaches and perspectives 
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2.1 Introduction 
Intrapartum fetal surveillance is based on the concept that labor and delivery can 
be dangerous episodes for the fetus and may lead to death or morbidity such as cerebral 
damage Originally described by Little in 1861 [143], trauma was for a long time thought to 
be the main adverse event He theorized that birth complications were the cause of 
spasticity Little lived in a time, when labors were sometimes very prolonged, leading to 
traumatic instrumental deliveries, without the availability of Caesarean section In 1897 
Freud [64] postulated an alternative hypothesis for the genesis of childhood impairment He 
wrote "since the abnormal process of birth frequently produces no effect, one can not 
exclude the possibility that, despite Little's anamnesis, diplegia might be of congenital 
origin Difficult birth in itself in certain cases is merely a symptom of deeper effects that 
influenced the development of the fetus" Freud thus implied that adverse events earlier in 
fetal development may cause both birth complications and impairment in childhood His way 
of thinking failed to attract the attention of the medical profession 
After Zweifel (1876) [14] showed that oxygen is transferred from the mother to the 
fetus through the placenta, insufficient oxygen supply gained interest as an etiological factor 
for fetal jeopardy Since the beginning of this century, not trauma, but intrapartum asphyxia 
was regarded to be the mam cause of perinatal morbidity [20] 
The aim of fetal surveillance is to identify fetal compromise and prevent morbidity 
and mortality by timely interventions Only when fetal distress can be adequately identified, 
further damage may be prevented Various methods of intrapartum fetal monitoring, such as 
intermittent auscultation of the fetal heart rate, electronic fetal heart rate monitoring and 
fetal scalp blood sampling, have been developed to identify signs of fetal compromise 
during labor (meconium stained amniotic fluid, fetal bradycardia, fetal acidosis) To evaluate 
the relationship between intrapartum events, neonatal condition and further prognosis, it 
was necessary to devise methods to assess the neonatal condition The following measures 
for fetal outcome were introduced Apgar score, acid-base balance in the umbilical artery, 
neurological examination and optimality (Prechtl score), neonatal multi-organ failure and 
long-term neurological dysfunction 
Before introducing a new method of monitoring into clinical practice, it should be 
evaluated if it provides a better assessment of the fetal condition, and prospective 
randomized trials should be performed The validity of fetal surveillance methods can only 
be measured by correlating the results of the monitoring technique with fetal outcome 
parameters However, fetal outcome may be a result of pre-pregnancy factors, pregnancy, 
labor and/or delivery [63] There is considerable evidence that only a low percentage of 
long-term morbidity, especially neurologic damage, is caused by intrapartum asphyxia [138] 
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Nevertheless, many people (doctors, parents and also lawyers) apparently still 
believe that adverse events during labor are the mam cause of major neurological 
impairment [185] Only methods of fetal monitoring, that supply objective parameters about 
the fetal oxygenation, may help to improve the management of labor and counteract the 
tendency to blame the intrapartum period for the developmental problems of the child 
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2.2 Signs and measures of fetal compromise 
2.2.1 Meconium stained amniotic fluid. 
In the 19th century it had already been noted that meconium in the amniotic fluid 
was "proof of a reduction in placental activity" [231] Reed (1918) [203] suggested that 
anoxia caused the anal sphincter to relax and meconium to be passed in utero Until the 
1960s, meconium was considered by many to be a sign of impending fetal death [229] It 
has also been suggested that the passage of meconium may be a physiological event, the 
incidence of which increases with gestational age [50] With the advent of new surveillance 
methods and neonatal assessment techniques, fetal heart rate patterns, the Apgar score 
and fetal acid-base status were correlated with meconium The associations of (thick) 
meconium stained amniotic fluid as reported were fetal acidemia, higher rate of FHR 
abnormalities, higher perinatal mortality and morbidity, lower Apgar score and the 
meconium aspiration syndrome [36,151,157,160,161,245] 
However, there are also contrasting reports of researchers who did not find such 
relations [10,56,276] Also differences in outcome between thick or thin meconium, however 
subjectively assessed, could not be shown by some [3,134] 
Approximately 20% of live births demonstrate meconium in the amniotic fluid, but 
only few infants are adversely affected As the importance of meconium as a sign of fetal 
jeopardy remained controversial, recent studies again evaluated the importance of 
meconium on fetal outcome 
Berkus et al (1994) [23] examined the relation between different grades 
(thin, moderate and thick) of meconium and neonatal outcome and found significant 
differences Nathan (1994) [165], who compared the outcomes in a large cohort (involving 
8,136 with meconium and 34,573 singleton term pregnancies with clear amniotic fluid), 
found not only an increased risk for a low Apgar score <7 after 1 and 5 minutes and arterial 
cord blood pH <7 20, but also apart from meconium aspiration a higher risk of 
neurological sequelae and mortality However, these risks were small For example, when 
birth asphyxia was defined as severe fetal acidaemia (cord blood artery pH<7 00) and a 
5 minute Apgar score of 0-3, meconium was linked to a tenfold increase compared with 
clear fluid (one per 1000 versus 0 1 per 1000) Excess mortality due to meconium was 
approximately one per 1000 births 
2.2.2 Fetal bradycardia (intermittent auscultation of the fetal heart) 
After the invention of the stethoscope by Laennec (1819), de Kergaradec (1821) 
[126] first reported the auscultation of the fetal heart tones by applying a stethoscope to the 
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maternal abdomen He suggested that this might be useful clinically, for instance to 
diagnose multiple pregnancy, but he also referred to determination of the fetal health 
"Aux variations survenues dans la force et la frequence des battements du coeur du foetus 
ne serait-il pas possible de juger de l'état de sante ou de maladie du foetus" (wouldn't it be 
possible to judge the status of health or sickness of the fetus from the changes occurring in 
the strength and the rate of the fetal heart) [248] This finding led to the development of the 
fetal stethoscope as we know it today, which is named after Pinard, a French obstetrician 
(Pinard 1844-1934) Kennedy (1833) [125] advocated the use of fetal auscultation in his 
book "Observations on Obstetric Auscultation" He stated that the most ominous fetal heart 
rate pattern was slowness of its return when a contraction is passing on Perhaps this is the 
first description of a late deceleration J Y Simpson (1855) [239] pointed out that the death 
of a fetus was more frequently impending when the fetal pulse became slower and slower 
There were also cases, he added, where the fetal heart rate became more rapid and at the 
same time irregular and indistinct 
In the late 19th century the mechanisms that may cause fetal bradycardia were 
fairly well understood in terms of our present knowledge In 1870 Schwartz [230] described 
fetal bradycardia following compression of the fetal head Schatz (1885) [222] provided 
detailed descriptions of umbilical cord compression and slowing of the fetal heart rate In 
1893 Wmckel [271] proposed definite criteria for fetal compromise mainly a fetal heart rate 
under 120 beats per minute or over 160 beats per minute These rules have determined 
obstetric procedures for generations, until now Based on fetal heart rate abnormalities the 
term "fetal distress" was first used by Tweedie and Wrench [194], in the "Rotunda practical 
midwifery book" published in 1908 Seitz (1903) [84] was the first to distinguish three stages 
of fetal heart rate deceleration, the first two were related to vagal activity (head or cord 
compression) and the third to complete paralysis of all extra-cardiac nervous activity 
(hypoxia) In keeping with modern concepts Seitz suggested that the fetal heart rate serves 
as an indicator of fetal oxygenation 
Intermittent auscultation of the fetal heart is still widely used to monitor the fetus 
during labor Its opposers stress the requirement of highly staffed labor rooms, the absence 
of objective documentation, and the lack of information on the fetal heart rate variability 
2.2.3 Electronic Fetal Monitoring. 
After publication of the adult electrocardiograph by Einthoven (1903) [58], the first 
fetal ECG was obtained using one abdominal electrode at the maternal uterine fundus and 
one in the vagina [40] 
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The current methodology of electronic fetal monitoring is based on the possibility of 
using a fetal scalp electrode or an abdominal Doppler ultrasound device to detect the fetal 
heart rate in combination with a calculating and recording system [34,100]. The coupling of 
this technique with external tocodynamometry [205] or intra-uterine pressure recording [8] 
opened the possibility of studying fetal heart rate (FHR) patterns and uterine activity 
simultaneously. 
Pattern recognition 
As noted, the association between slowing of the fetal heart and uterine activity, 
fetal head and cord compression and hypoxia had been recognized by several authors in 
the 19th century [222,230,271]. With the introduction of EFfvl a consensus occurred among 
leading investigators about the significance of the various FHR patterns (Figure 2.2.1) 
Head compression 
Uniform shape 
180 
Too ^ T 4 ^ ^ ? ^ ^ ! 4 ^ " 
Early onset Early onset Early onset 
J/ V J , 
Early deceleration (HC) 
Late onset Late onset 
Uteroplacental insufficiency Late deceleration (UPI) 
180 
FHR 
Variable shape 
100 f 
Variable onset Variable onset 
U 
Umbilical cord compression Variable deceleration (CC) 
Figure 2.2.1 Three important patterns or types of FHR reactions were described [61]. 
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Variability 
Next to the introduction of baseline values of FHR between 120-160 bpm [271] and 
the classification of FHR decelerations, the concept of the beat-to-beat variability of FHR 
was described by Hammacher (1962) [86]. He noted the disappearance of beat-to-beat 
variability as indicating that the fetus was in jeopardy. Saltatory and silent patterns of FHR 
were correlated with fetal distress [87,88]. 
It is well to remember at this stage that before all these observations in the human, 
magnificent investigations had already been performed in animals [13,14,43]. Barcroft [13] 
and Dawes [43] described fetal hypertension and vagal mediated bradycardia when the 
umbilical cord was occluded. These studies formed the basis for the understanding of the 
modulation of the fetal heart rate (Figure 2.2.2). 
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Figure 2.2.2 Analysis of the effect of asphyxia on the pulse rate of a fetal goat of 123 days of 
gestation adapted from Barcroft 1946 [61] 
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However, there are many other factors apart from sympathetic and parasym­
pathetic, chemo- and baroreceptor, and hypoxia that can influence the fetal heart rate and 
mimic fetal distress Tachycardia and bradycardia may be secondary to maternal and fetal 
factors other than hypoxia (Table 2 2 1) A strong influence of sedative medication and other 
drugs on the variability of FHR was noted [46,47,262] 
Table 2 2.1 Causes of changes of the felal heart rate, other than hypoxia 
Causes of tachycardia Causes of bradycardia 
> maternal fever < 
• chononamnionitis 
> maternal anxiety 
• fetal anemia ' 
. fetal infection (sepsis) 
> fetal active state (4F) 
. following prolonged decelerations 
> paroxysmal atrial (supraventricular) 
origin 
• atrial flutter 
> "doubling" of fetal heart rate 
maternal medication (e g local 
anaesthetics, beta-blocker) 
maternal hypotension or shock 
maternal epileptic or eclamptic 
convulsions 
> maternal hypothermia 
> premature amniotomy 
> cord compression 
> placental abruption 
> exessive uterine activity 
> postdates pregnancy 
• fetal cardiac arrhythmia 
> complete atno-ventncular (Α-V) block 
> recording of maternal heart rate 
• "halving" of fetal heart rate 
adapted from van Geijn et al 1994 [262] 
Timor-Tritsch et al [253] stressed the effects of "activity states" on the fetal heart 
rate, and in 1982 Nijhuis and co-workers [177] reported the influence of fetal behavioural 
states on the fetal heart rate "Deep sleep" (behavioural state 1F) of a fetus in good 
condition, lasting not longer than 45 minutes in a term fetus, is accompanied by a flat 
tracing which could be interpreted as fetal distress (Figure 2 2 3) Similar confusion may 
result from fetal sucking (in behavioural state 3F), which entrains a sinusoidal heart rate 
pattern In state 4F ("jogging fetus") the fetal heart rate pattern is sometimes interpreted as 
tachycardia with decelerations These findings should be taken into account 
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State Criteria 
Body movements 
Eye movements 
Heart rate pattern (HRP) 
State 1F State 2F State 3F State 4F 
incidental periodic absent continuous 
absent present present present 
А В С D 
HRP. A HRP. В 
HRP. С HRP. D 
Figure 2.2.3 Interpretation of fetal heart rate patterns (HRP) by the standardization of 
fetal behavioural states 1F, 2F, 3F and 4F. Adapted from Nijhuis et al. (1982) [61] 
Trimbos and Keirse [258], Nielsen et al. [175] and Lotgering et al. [144] pointed out 
that there is considerable intra- and inter-observer variability in the visual interpretation of 
the fetal heart rate pattern. Efforts were made to standardize the interpretation of the FHR 
pattern including computerized assessment of the FHR variability. Dawes et al. [44] and 
Nielsen et al. [176] reported that, compared with visual interpretation, the computer 
analyzes the fetal condition more adequately. 
2.2.4 Fetal acidaemia and fetal scalp blood sampling. 
Saling (1962) [213] introduced acid-base balance in obstetrics by describing a 
technique for obtaining fetal scalp blood samples (FBS) during labor. This method clarifies 
whether or not biochemical changes are present due to fetal hypoxia indicated by 
unreassuring fetal heart rate patterns. 
During uterine contractions, decreased placental perfusion may lead to insufficient 
fetal oxygenation and accumulation of carbon dioxide, and thus to respiratory acidosis. 
When inadequate fetal oxygen supply persists, anaerobic glycolysis occurs to maintain an 
adequate energy supply in the cell. This causes an overload of lactic acid leading to a 
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metabolic acidosis A longer lasting hypoxia will cause a large base deficit accompanied by 
hypercarbia, because lack of perfusion usually prohibits the diffusion of carbon dioxide 
(mixed acidosis) 
The validity of fetal scalp blood sampling was investigated by Adamson et al 
(1970) [5] in fetal monkeys He reported a good correlation between acid-base parameters 
in scalp blood samples and in the carotid artery In the human fetus, Kubli et al [136], Gare 
et al [71], Bowe et al [30] and Boenisch and Salmg [29] found strong correlations between 
pH and blood gases in scalp samples and umbilical artery and vein 
Maternal metabolic acidosis could also cause fetal metabolic acidosis The transfer 
of lactic acid to the fetal circulation is however slow [202,232] To rule out this possibility, 
Rooth et al [208] recommended measuring maternal and fetal acid-base balance 
simultaneously 
Normal values for the fetal scalp pH during labor with reassuring fetal heart rate 
patterns were published by Saling (1964) [214], Kubh (1966) [136] and Beard et al (1967) 
[19] (see Table 2 2 2) 
Table 2.2.2 Normal fetal scalp blood pH during labor 
Author 
Saling 
1964 
Kubli 
1966 
Beard 
1967 
mean value 
lower limit 
of range 
mean value 
lower limit 
of range 
mean value 
lower limit 
of range 
no of 
patients 
η 
77 
80 
26 
early 1st 
stage 
7 31 
7 23 
7 36 
7 27 
7 29 
7 19 
late 1st or 
early 2nd 
stage 
7 31 
7 21 
7 30 
7 20 
7 28 
7 18 
late 
2nd 
stage 
7 28 
7 14 
7 27 
7 14 
7 24 
7 15 
umbilical 
artery 
7 24 
7 09 
7 24 
713 
7 24 
7 13 
umbilical 
vein 
7 30 
715 
7 31 
7 21 
7 31 
7 21 
Saling considered a pH value of 7 20 as the lower limit of normality, and values 
below this threshold should be prevented However, this cut-off value for fetal pH, although 
at first generally accepted, is now controversially discussed [76-78,273] 
Combined fetal supervision with EFM and FBS results in adequate fetal 
surveillance and prevents an unnecessarily high Cesarean section rate [260] Although this 
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concept has gained world-wide recognition, in the majority of obstetric units FBS is not 
consistently used [39,269] One of the reasons, why this procedure was not more widely 
used, was that it requires a blood gas analyzer (preferably on the labor ward) which has to 
be maintained and often calibrated Other objections were insufficient initial training and 
technical difficulties in performing the procedure 
Other authors [39,171] also objected to the method being invasive, cumbersome 
and disliked by the patients It is a disadvantage that the information is only available at the 
time of sampling and further samples are needed to determine a trend, if the fetal heart rate 
pattern remains unreassunng 
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2.3 Fetal outcome and neonatal assessment 
2.3.1 The Apgar score 
In 1953 Virginia Apgar [9], anesthesiologist at Columbia University, devised a now 
well-known scoring system to assess the condition of the newborn infant Its function was 
especially meant to observe and compare the results of resuscitation The proposed score 
covered five vital signs of the neonate Heart rate, respiratory effort, reflex irritability, muscle 
tone and color were allocated a rating of 0, 1 and 2, with a total of 10 indicating the best 
possible condition One of the weaknesses of the Apgar score is that the individual 
elements are not independent For example, the color of the skin is dependent on 
respiration and circulation Nevertheless, this publication had an enormous impact, and the 
scoring system was universally accepted, especially as a neonatal sign of possible 
intrapartum asphyxia 
However, it is important to recognize that the score can be influenced by other 
causes, for instance prematurity, sedation or analgesia of the mother, and muscle disease 
or cerebral malformations of the neonate All these factors can affect elements of the score, 
such as tone, heart function and reflex irritability Congenital anomalies may interfere with 
heart rate respiration and tone Thus, to acquaint the presence of a low Apgar score only 
with asphyxia represents a misuse of the score Other objections to the scoring system are 
its subjectivity and the often retrospective assessment 
The predictive value of the Apgar score for neonatal morbidity, especially 
neurologic dysfunction, has been controversially discussed Finer et al [62] found a 
significantly higher percentage of sequelae in neonates with a 5 min Apgar 0-3 Nelson and 
Ellenberg [167] and Paneth and Stark [186] showed that the risk of developing cerebral 
palsy is up to 300 times greater in neonates with a 20 min Apgar 0-3, compared to 
neonates with a 1 minute Apgar of 7-10 However, a 10 min Apgar of <3 properly predicted 
cerebral palsy only in 12% of the cases Others [120,212] also found poor positive 
predictive values of low Apgar scores (5 minutes Apgar score <7) in relation to neurological 
dysfunction 
2.3.2 Acid-base assessment in the umbilical cord blood 
In 1958 James [108] showed a correlation between umbilical cord pH and 
depression of the neonate The umbilical artery offers an easily accessible pathway to 
investigate fetal oxygenation during labor The acid-base balance in the cord blood 
represents an objective parameter of the neonatal condition [145,249] Most investigators 
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agree that the umbilical artery pH and blood gas parameters should be used as an indicator 
of the fetal oxygenation pH values in the umbilical vein, which comes from the placenta, 
represent the placental perfusion and should be used as a reference value Standardized 
sampling, storing and measurement are essential to be able to compare the results in 
different populations and clinics [103] Normal values of a university clinic population 
(1978-1980) have been published by Eskes et al (1983) [60] They found that maternal 
factors intrapartum characteristics and fetal parameters can influence the fetal acid-base 
balance Others have also calculated mean values ranging from 7 20 [249] to 7 30 [37] in 
populations that were defined differently 
In numerous studies the correlation between the acid-base balance in the umbilical 
cord blood and other measures of neonatal condition and outcome was investigated 
However, there is no consensus on the definition of fetal acidosis Classically an umbilical 
artery pH of 7 20 [216] was used to define fetal acidosis, but no strong correlations have 
been found using this limit [75,184] Other studies [51,212,249], using an umbilical artery 
pH between 7 00 and 7 20 as definition of acidosis, did not show good correlations either 
Recently Gilstrap et al (1989) [76] and Winkler et al (1991) [273] proposed a value of 
pH <7 00 in the umbilical artery to be a clinically more useful cut-off value for diagnosing 
fetal acidosis This was based on the significant increase of neonatal neurological 
dysfunction (seizures) below this level Others [77,78] have confirmed these findings, 
showing also an increase in respiratory, cardiovascular and renal morbidity It is further 
argued that there should be a considerable metabolic component (base deficit) to cause 
multi-organ injury, indicating the duration of insufficient oxygen supply [146] 
The relation between Apgar score and umbilical artery pH is problematic as well 
Sykes et al (1982) [249] observed that only 21% of infants with a 1 minute Apgar score of 
less than 7 and 19% with a 5 minute Apgar score of less than 7 had severe acidosis at 
birth On the other hand, 73% of the infants with severe acidosis (umbilical artery pH <7 10 
and base deficit >13 mmol/L) at birth had an Apgar score of 7 or more Other authors 
[97,252] also found a weak association between umbilical artery pH and the Apgar score 
after 1 or 5 minutes Silverman et al (1985) [238] found a relation between severe acidosis 
(umbilical artery pH <7 05) with a metabolic component and a 5 minute Apgar score <7 
Sampling of the umbilical cord will provide objective documentation about the fetal 
oxygenation, which can be used as an objective measure to assess intrapartum care 
[60,279] This method can rule out perinatal asphyxia in cases with pathological FHR 
patterns, meconium and low Apgar scores [252] Routine sampling has therefore been 
proposed [267] The absence of fetal acidosis however, does not exclude the possibility that 
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episodes of asphyxia may have preceded labor and delivery, from which the fetus has since 
recovered 
2.3.3 Neonatal multi-organ morbidity 
The relationship between intrapartum asphyxia and neonatal multi-organ morbidity, 
including respiratory disease, cardiovascular, renal, gastro-intestinal, and neurological 
morbidity, has been well recognized [236] Animal studies have shown that, when oxygen 
supply diminishes, the fetus will redistribute the available oxygen over the vital organs, such 
as the brain, heart and adrenals, by re-arranging the blood flow to these organs This 
causes anaerobic metabolism in other organs or areas of the fetal body, which leads to 
lactic acidosis and possibly damage to the tissue [192] Prolonged insufficient oxygen 
supply may eventually damage the vital organs 
There are other causes for neonatal multi-organ morbidity, e g prematunty, fetal 
growth retardation, congenital anomalies and operative delivery Maternal factors, like 
intoxication (alcohol, drugs), mtra-uterine infections and diabetes mellitus may also 
influence the neonatal course Although morbidity scores have been devised [146,193,196], 
there does not exist a generally accepted method of assessing neonatal multi-organ 
morbidity 
As mentioned before a correlation has been reported between multi-organ 
dysfunction and severe intrapartum hypoxia as documented by neonatal acidosis [77,78] 
Further investigations have to be performed to clarify the significance of this relationship 
2.3.4 Neurological (sub-)optimality 
In a neurological examination of the newborn the integrity of the central nervous 
system is tested with the aim of detecting the neonate at nsk for later brain morbidity 
In 1964, Prechtl and Beintema [199] introduced a neurological examination of the full-term 
newborn infant This original publication was followed by a second edition of what is now 
known as "Prechtl's neurological examination of the full-term newborn infant" [198] The 
examination consists of a series of tests by which the functioning of the newborn's nervous 
system is representatively described The results are expressed in a "neurological optimality 
score" Prechtl and his co-workers showed that the child is neurological sub-optimal at birth 
and at risk of later cerebral dysfunction [121,254] Touwen et al extended Prechtl's list with 
a maximum of 42 points into a list with a maximum of 60 points [255] The examination is 
standardized for environmental factors, such as temperature, for neonatal behavioural 
states, and of course, the person who performs the examination should be well-trained The 
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advantage of this method is that the score is not given by the obstetrician or pediatrician 
immediately after birth, which may introduce a considerable bias, but by an impartial 
investigator in the second week after birth 
In 1968, Prechtl [197] also introduced an obstetrical optimally score and 
demonstrated that this score was significantly correlated with neonatal neurological 
condition This result was confirmed by Michaelis et al [159], and by Touwen et al [255] 
who both used the updated score 
Several investigations used Prechtl's neurological examination as a measure of 
neonatal outcome [21,48] or as a basis for follow-up studies [106,181] Although the 
neurological examination is capable of detecting the neonate at risk, the predictive power of 
this examination with respect to long-term outcome appears to be limited Huisjes et al 
[106] pointed out that this may be explained by regression to the mean children that are 
abnormal in the initial examination may recover and they often do so Normal infants can 
not become more normal, but can become abnormal for a variety of reasons, such as 
intercurrent disease 
Prechtl's examination has not gamed world-wide acceptance, probably because it 
is a time consuming procedure and has limited predictive power with regard to long-term 
neurological morbidity Nevertheless a method for assessment of the neonate's neurologic 
integrity may help to evaluate and improve intrapartum and neonatal management 
2.3.5 Long-term neurological morbidity 
In addition to recognizing fetal distress during birth, intrapartum fetal surveillance 
aims to prevent brain damage causing long-term neurological sequelae Cerebral palsy is a 
non-progressive motor disorder, usually manifested in early infancy, that involves one or 
more limbs and results in muscular spasticity or paresis [211] It is classified according to 
the extremities involved, monoplegia, hemiplegia, diplegia and quadnplegia, and the 
characteristics of the neurological dysfunction (spastic, hypotonic, dystonic and athetotic) 
Several other neurological disabilities often accompany cerebral palsy Approximately one 
third of all children with this disease have epilepsy, its prevalence among those with 
hemiplegia is 50% A substantial number of children without cognitive impairment have 
visual, motor or learning difficulties [135] The prevalence of moderately severe or severe 
cerebral palsy lies between 1 5 and 2 5 per 1,000 live births [186] 
Since in 1861 William Little [143], an orthopedic surgeon, suggested that difficult 
labor and delivery were the main cause of cerebral palsy, investigators have speculated 
over its etiology Until recently the mam etiological factor was believed to be intra-partum 
asphyxia [20] This viewpoint was supported by the animal experiments of Wmdle (1963) 
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[272] and later Myers (1972) [164] In the large prospective study from the National 
Collaborative Perinatal Project (1955-1966) the relationship between birth asphyxia and 
cerebral palsy was assessed The investigators' measure of asphyxia was the Apgar score 
In 49,000 infants Apgar scores were determined at 1 and 5 minutes and the presence or 
absence of cerebral palsy was documented in 37,000 of these children studied up to 
the age of 7 years Nelson and Ellenberg (1981) [167] demonstrated that a low Apgar 
score (0-3) indicated an increased risk for cerebral palsy, depending on the time interval 
that the neonate remained depressed after birth (see Table 2 3 1) 
Table 2.3.1 Apgar scores and outcome by latest very low Apgar score (0-3) (>2500g) 
Apgar 0-3 
time 
(min) 
1 
5 
10 
15 
20 
Liveborn 
1729 
286 
66 
23 
39 
Death in first 
year 
(%) 
31 
7 7 
182 
47 8 
59 0 
Known to 
7 years 
1330 
217 
43 
11 
14 
With 
cerebral palsy 
(%) 
0 7 
0 9 
4 7 
9 1 
57 1 
From Nelson and Ellenberg, 19Θ1 [167] 
However, of all neonates (>2500g) with an Apgar score 0-3 at 10 minutes only 
4 7% developed cerebral palsy On the other hand, according to the same study, many 
infants with cerebral palsy showed no sign of birth asphyxia as judged by the Apgar score 
It is therefore unlikely that their subsequent morbidity can be attributed to intrapartum 
asphyxia The cause of cerebral palsy probably lies before the intrapartum period and 
may or may not be related to asphyxia This probability has been made clear by a 
multivariate analysis of the data from the National Collaborative Perinatal Project by the 
same authors (1986) [168] This analysis showed that maternal mental retardation, birth 
weight <2000g and fetal malformation were among the leading predictors of cerebral palsy 
Breech presentation also was a predictor, although breech delivery was not These pre­
pregnancy and pregnancy factors were found in 34% of the cases with cerebral palsy 
Adverse events and signs of birth asphyxia, as judged by low Apgar scores at birth, were 
responsible for only 3% of the cases Other investigators [210] have found birth asphyxia to 
be responsible for up to 10% of cerebral palsy 
The results of these studies support the idea that the majority of cerebral damage 
is of antepartum or unknown origin, and that intrapartum asphyxia is responsible for a 
relatively small percentage of infants who eventually show neurological sequelae This is 
substantiated by the fact that, although during the past two decades tremendous changes 
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in obstetrical and perinatal care have arisen - including electronic fetal heart rate monitoring 
and ultrasonography, a rise in Caesarean section from 5 to 15 or 20%, neonatal intensive 
care, regionalization of care and transport of mothers carrying high risk fetuses before 
delivery - the prevalence of cerebral palsy did not decline while mortality did [32,85,109,244] 
(Figure 2.3.1). 
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Figure 2.3.1 Trends in perinatal mortality and cerebral palsy, 1956-85 (Stanley and Watson 
1988 [244]; Hagberg et al. 1984 [85]; Jarvis et al. 1985 [109]). Gap in neonatal 
death and stillbirth rates between 1967-68 due to redefinition of "birth" in Western 
Australia from one of >28 weeks of gestation to one of >20 weeks in 1968. 
(from Bryce et al. 1989 [32]) 
Critics have questioned the precarious definition of asphyxia in most of these 
studies, being based only on the Apgar score. Consideration of other markers, such as fetal 
heart rate pattern and cord blood analysis, together with the Apgar score might yield a 
clearer picture of the importance of asphyxia as one of the causes of cerebral palsy. 
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2.4 Validity of fetal intrapartum monitoring techniques and 
outcome measures. 
Fetal monitoring techniques should correctly assess the fetal condition to enable 
adequate management during labor. First the accuracy and reproducibility of the methods 
have to be investigated and, second, the methods' efficacy to separate normal from 
abnormal. Therefore diagnostic test values such as sensitivity, specificity and positive 
predictive value were introduced (Table 2.4.1). 
Table 2.4.1 Fourfold table comparing test results 
'Gold standard' ('the truth') 
Subjects have Subjects do not 
the condition have the condition 
True 
positives 
(a) 
(c) 
False 
negatives 
False 
positives 
(b) 
(d) 
True 
negatives 
Tesi result ' 
(conclusion 
drawn from the 
results of the 
test) 
Positive 
Subjects 
appear to 
have the 
condition 
Negative 
Subjects 
appear not 
to have the 
condition 
a+c b+d a + b + c + d 
Stable properties: a/(a+c) = sensitivity; d/(b+d) = specificity. 
Frequency-dependent properties: a/(a+b) = positive predictive value; 
d/(c+d) = negative predictive value; (a+d)/(a+b+c+d) = accuracy; 
(a+c)/(a+b+c+d) = prevalence. 
From: Mohide and Grant 1989 in: Effective care in pregnancy and childbirth [162] 
A limitation of this statistical assessment of fetal monitoring techniques is that these 
methods aim to detect abnormalities at a time, when these can still be favourably affected 
by management. Paradoxically, although a poor correlation between a positive test result 
and an adverse outcome can mean a lack of test validity, it can also mean that a valid 
test prompted an appropriate and successful intervention to prevent a bad neonatal 
outcome [162]. 
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As a measure of fetal outcome, most validation studies use the Apgar score or the 
umbilical artery pH However, the Apgar score can be criticized because it may reflect other 
factors than intrapartum asphyxia Apgar score and acidemia in the umbilical artery also 
show poor correlations with long-term disability [212] Because there is no method that 
supplies a "gold standard" parameter to assess the fetal condition, methods of monitoring 
must be assessed on the basis of interventions for fetal compromise and fetal outcome 
measures 
When comparing two methods of monitoring it must further be taken into account 
that many factors unrelated to fetal monitoring, such as better prenatal care and care of the 
newborn or differences between the two monitored groups, may bias the results To 
overcome these problems, as a final step of evaluation, a random assignment of subjects to 
the alternative methods of monitoring (randomized controlled trial) should be performed 
before a new monitoring technique can be clinically used [81] 
2.4.1 Validity of Intrapartum monitoring techniques 
There are currently three methods of intrapartum fetal monitoring used, namely 
intermittent auscultation (IA) of the fetal heart, electronic fetal heart rate monitoring (EFM) 
and EFM combined with fetal scalp blood sampling (FBS) 
Although IA may not be accurate, its clinical accuracy (the extent to which 
individuals are correctly assigned to be normal or abnormal), using the conventional cut-offs 
of 120 or 160 bpm, appears to be good [99] EFM is a substantially more accurate way of 
measuring the fetal heart rate The resulting fetal heart rate trace is, however, open to 
considerable variation in interpretation Several authors [144,175,258] have investigated the 
intra- and inter-observer variability of trace interpretations and showed low levels of 
agreement 
Saling [218] advocated that FBS should be used as an adjunct to EFM to prevent a 
large percentage of false positive cases (unnecessary interventions) 
The sensitivity and specificity of EFM, EFM +FBS and IA have been investigated in 
relation to Apgar and umbilical artery pH with varying results It has been shown that the 
efficacy of both IA and EFM was low [11] Curzen et al (1984) [41] and Prentice and 
Lind (1987) [200] also reported a high false positive diagnosis rate of fetal distress when 
using EFM According to Beard et al (1967) [19] EFM combined with FBS yielded better 
results, while Sykes et al (1983) [250] found no statistical relation between the need for 
operative delivery for fetal distress and the condition of the newborn when using EFM and 
FBS However, in the latter study fetal scalp blood sampling was seldom used (4%) to verify 
the diagnosis of fetal distress 
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Earlier uncontrolled trials suggested a beneficial effect on perinatal outcome when 
EFM was used [66,187,188] Subsequently nine randomized controlled trials 
[93,94,124,148,151,166,204,263,274] have been performed, investigating the validity of 
EFM and intermittent auscultation Most of these trials showed no benefit in perinatal 
mortality or morbidity, Apgar scores and fetal acidosis However, in most studies the 
Cesarean section rate was increased in the EFM monitored group If there was the option of 
fetal scalp sampling, this reduced the C-section rate but increased the vaginal operative 
delivery rate Haverkampetal [93,94], Renou et al [204] and Kelso et al [124] investigated 
high risk pregnancies (e g poor progress in labor, oxytocin administration, meconium 
passage, auscultatory heart tone abnormalities) Luthy and coworkers [148] looked at a 
preterm population (26-32 weeks) None of these four trials had sufficient patient numbers 
to demonstrate any difference in perinatal death rates between the groups [200] 
The Dublin trial [151] was the first containing sufficient patients (13,000) to 
demonstrate benefits of statistical significance It showed a doubling (4 1 vs 1 8/1000 births) 
of the risk for neonatal convulsions in low-risk infants when labor was allocated to 
supervision by intermittent auscultation rather than EFM In both cohorts fetal blood scalp 
sampling was also used However, this largest randomized controlled trial demonstrated no 
differences in neurological deficit in both groups in the follow-up study [83] 
Vmtzileos (1993) [263] contested the conclusions of these randomized trials In the 
randomized controlled trial he reported, EFM was associated not only with decreased 
perinatal mortality due to fetal hypoxia, but also with higher rates of obstetric interventions 
for suspected fetal distress He criticized other studies (except the Dublin study [151]) for 
not having enough statistical power (too low number of patients) to be able to show a 
difference in mortality rate Vmtzileos made a power analysis beforehand to estimate the 
number of patients needed to show a true difference in perinatal mortality rate Furthermore, 
his study was conducted in a setting with a relatively high perinatal mortality (Greece) In his 
view, the good outcome of the intermittent auscultation group in the above mentioned trials 
was a result of the high level of medical and nursing supervision the patients received 
during labor His criticism focusses on the practicability of both methods Intermittent 
auscultation needs intensive supervision and may therefore be less practicable However, 
when patients are adequately monitored using intermittent auscultation, EFM has not shown 
to be a superior method of fetal surveillance 
2.4.2 Validity of outcome measures 
Apgar score, acid-base balance in the umbilical artery, neonatal multi-organ 
dysfunction, neurological optimally (Prechtl score) and long-term neurological morbidity 
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have been introduced as outcome measures It has become clear that none of the neonatal 
outcome parameters on its own can satisfactorily predict long-term morbidity Investigations 
of the predictive value of the Apgar score and the acid-base parameters in the umbilical 
artery alone and in combination with regard to cerebral palsy had diverging results No 
unambiguous measure of the fetal outcome is yet available However, when all the above 
mentioned measures together are taken into account and critical values are clearly defined, 
the outcome prediction may become more accurate in that the early identification of risk 
subjects improves and the required neonatal care can be provided 
With this line of reasoning the American College of Obstetrics and Gynecology 
(ACOG) Committee defined intrapartum fetal distress and birth asphyxia as follows (April 
1994) [4] A neonate who has had severe hypoxia proximate to delivery that is severe 
enough to result in hypoxic encephalopathy will show other evidence of hypoxic damage, 
including all the following 
• Profound metabolic or mixed acidemia (pH <7 00) in an umbilical cord arterial blood 
sample 
• Persistent Apgar score of 0-3 after 5 minutes or longer 
• Evidence of neonatal neurological sequelae (eg, seizures, coma, and one or more of the 
following cardiovascular, gastrointestinal, hematological, pulmonary, or renal system 
dysfunction) 
Nevertheless, most of these subjects will develop normally 
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2.5 New approaches and perspectives 
Parallel to the development of such techniques as EFM and FBS, biochemical and 
other methods were also developed in order to monitor fetal oxygenation continuously 
during labor In the seventies, doubts arose about the efficacy of EFM as it became obvious 
that many obstetrical interventions were performed without any clear benefit to the fetus 
This was another reason to search for adjunct monitoring tools 
Efforts to monitor the fetus during labor have to contend with the limited access to 
the fetus Usually only the fetal scalp is available Until recently attention focused on two 
main approaches fetal ECG wave form, and pH and bloodgas monitoring Newest 
developments are near infrared spectroscopy and pulse oximetry which estimate the 
cerebral oxyhemoglobin concentration and the arterial oxygen saturation, respectively 
First steps to analyse the cerebral development and oxygenation during pregnancy 
have also been made by obtaining metabolite spectra of the fetal brain with proton magnetic 
resonance spectroscopy Freud's suggestion (1Θ97) [64] that it may not be labor and 
delivery but factors during pregnancy that are the main cause of brain injury and interfere 
with subsequent development, has at last found interest among obstetricians, one century 
later [186] 
2.5.1 Fetal ECG wave form analysis 
Since Cremer in 1906 [40] recorded the first electrocardiogram (ECG), there have 
been efforts to identify fetal compromise on the basis of the ECG After development of the 
scalp electrode and technical progress in improving the signal to noise ratio, it became 
possible to analyze the fetal ECG wave form A number of different time segments of the 
ECG have been studied and changes in time intervals have been related to the fetal 
condition Changes in the interval between the onset of ventricular depolarization (Q wave) 
and the ejection of blood from the ventricles (pre-ejection period) have not shown to be a 
consistent measure of fetal well-being (Martin et al [154]) In animal studies [209] it was 
observed that during hypoxia the ST segment and height of the Τ wave of the fetal ECG 
changed The T/QRS ratio of the fetal ECG increased as a response to hypoxia However, 
the changes were vanable, suggesting that the level of hypoxaemia must be severe and 
accumulation of lactic acid due to anaerobic metabolism must be present 
A randomized trial (Westgate 1992) [268] showed a decrease in the number of 
operative deliveries when combining EFM with ECG wave form analysis compared with 
using EFM alone There was no difference in neonatal condition at birth between the 
groups This implies an improved specificity Other investigators [170] found that none of 
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the neonates born in a poor condition (1 minute Apgar<3) or with evidence of acidemia had 
a T/QRS ratio significantly different from the normal range (no increased sensitivity) A 
raised T/QRS ratio had a considerably lower detection rate for fetal acidemia than a 
pathological EFM (lower sensitivity) [152] Also de Haan et al (1994) [45] has recently 
questioned the T-QRS ratio as a predictor of hypoxia and metabolic acidosis, sensitivity and 
specificity were low in studies using 47 fetal lambs 
2.5.2 Measurement of transcutaneous or subcutaneous fetal oxygen 
tension, transcutaneous carbon dioxide tension and tissue pH. 
Fetal scalp blood sampling is intermittent therefore multiple samples are needed to 
determine a trend of the fetal acid-base balance when the fetal heart rate gives no 
reassuring information about the fetal well-being It was felt that a continuous method to 
monitor the oxygen status would be more comfortable for the patient and the doctor, and 
would alert the clinician at an early stage of developing fetal compromise 
The measurement of transcutaneous or subcutaneous partial oxygen pressure, the 
transcutaneous pressure of carbon dioxide and tissue pH have been tried Several pioneers 
[2 103 264] have published data showing reasonable to good correlation between 
parameters obtained using these methods and pH and blood gases in samples from the 
fetal scalp and the umbilical cord Others have questioned these results [182,241] One 
reason may be that all these techniques require a substantial level of blood flow to the fetal 
scalp to be good indicators of the fetal well-being During normal labor, circular compression 
by the maternal pelvis and the cervix influences the capillary flow in the fetal scalp This 
may lead to stasis, edema and local hypoxia in an otherwise well oxygenated fetus 
O'Connor et al (1979) [182] already showed the relation between capillary flow and 
transcutaneously measured oxygen tension by applying pressure to the electrode 
Smits et al [241] recorded the fetal capillary scalp circulation using laser Doppler flow 
continuously during labor They found a decrease in flow during contractions and in the 
course of cervical dilatation in the majority of fetuses When capillary blood flow was high, 
tcp02 was almost independent of the blood flow rate and thus can be expected to reflect 
the arterial p02 However, at low blood flow levels tcp02 was highly dependent on the blood 
flow rate 
Reduction in blood flow to the fetal scalp may also be a consequence of 
vasoconstriction of the peripheral circulation due to insufficient oxygen supply to the fetus, 
which protects the vital organs by redistribution of blood flow This is a warning sign of 
impending fetal distress However, using these techniques, the clinician cannot decide if 
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abnormal values are a consequence of a local reduction in flow due to a caput 
succedaneum or a reduction caused by a reflex vasoconstriction due to hypoxia 
Furthermore, the application of the measuring devices has not yet been solved 
The transcutaneous p02 sensor as well as the pC02 sensor need to be held in position by 
either suction or glue fixation, and shaving of the fetal head is sometimes necessary 
Nevertheless the sensor is often dislocated Compression of the electrode by the pelvic wall 
or the cervical ring can also influence the blood flow in the measuring area To increase the 
capillary flow heating of the sensor is obligatory, although there is no consensus on the 
temperature needed (39°C - 44°C) This sometimes leads to injury of the fetal skin [174] 
Furthermore, the transcutaneous p02 and pC02 sensor and the subcutaneous needle 
electrode have a long response time and they need calibration before and after the 
measurement to determine the base line shift 
Transcutaneous pC02 measurement was thought to be superior to p02 
measurement, because diffusion characteristics are better and therefore local changes of 
the capillary blood flow may be less important During fetal respiratory (hypercapnic) 
acidosis the transcutaneous carbon dioxide tension is increased, being the first sign of fetal 
compromise However, when fetal hypoxia is prolonged, fetal metabolic acidosis will occur 
and penferal pC02 can decrease, which may falsely reassure the clinician [216] The p02 
measurement also has a conceptual problem as the oxygen dissociation curve may shift to 
the right as a consequence of decreasing pH (Bohr effect) This results in a higher release 
of oxygen into the peripheral tissue with an increase of p02, suggesting a better 
oxygenation, whereas the central oxygenation actually may have decreased 
Continuous measurement of the tissue pH is invasive Several electrode designs 
have been tried out The original probe (designed by Stamm 1976 [242]) needed scalp 
incision, and fixing of the probe was technically difficult and impractical [264,265] The 
probe needed calibration and a considerable base line drift was sometimes seen Although 
good correlations between tissue pH and pH in the fetal scalp blood have been reported, 
unreliable values were also obtained More recently, new efforts using fibre optic probes 
have attempted to overcome these problems [98] 
The techniques discussed above have been applied only in relative small numbers 
of patients, no randomized trials have been performed, and none of them has been 
accepted in clinical practice 
2.5.3 Pulse oximetry and near infrared spectroscopy 
Two new techniques have recently emerged that monitor the fetal oxygenation 
during labor near infrared spectroscopy and pulse oximetry Both techniques use two or 
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more wavelengths for spectrophotometnc estimation of the oxyhemoglobin concentration or 
the oxygen saturation, respectively 
Near infrared spectroscopy can continuously estimate changes in the tissue 
oxyhemoglobin concentration of the fetal brain but, until further development has taken 
place does not yield absolute values Therefore it cannot yet be used for prospective 
management [6,7,191] 
Pulse oximetry estimates the arterial oxygen saturation (Sa02) and is widely used 
to monitor the oxygenation in anesthetized patients and in neonates It is a continuous, 
non-invasive technique, which reacts immediately on changes in the oxygen content in 
arterial blood To adapt this technique for fetal use, the sensor was changed from 
transmission to reflectance mode to measure back-scattered light The oximeter had to be 
calibrated for fetal use as Sa02 values in the fetus are normally below 70% Accuracy 
investigations in fetal lambs showed good correlations [42,91,117] 
The relative inaccessibility of the human fetus also impedes the application of this 
technique The sensor contact must be adequate to obtain a continuous signal and prevent 
artefacts Incorrect apposition of the sensor to the fetal head, pressure on the sensor, caput 
succedaneum, hair, meconium and fetal or maternal movements, may all cause erroneous 
measurements [69,111,112,228] Signal attenuation due to hair and caput succedaneum 
can be solved by avoiding the vertex By moving the sensor to the side of the fetal face, the 
temporal and cheek area of the fetus can be reached, which are good regions for picking up 
an arterial signal Usual fixation techniques, such as suction, glue fixation or clipping, are 
inappropriate here This has stimulated new approaches like a balloon attached to the back 
of the sensor to push it against the fetal head [68] Another sensor (developed by Nellcor), 
has a flexible silicone tip curved toward the uterine wall With this tip the sensor is pushed 
against the fetal head No other means of fixation are used [52] The proportion of adequate 
signal using this sensor application has been reported as approximately 40-60%, and it 
remains to be seen if this is enough to adequately assess the fetal condition Before these 
methods can be used clinically, randomized trials have to prove their validity 
2.5.4 Proton magnetic resonance spectroscopy of the human fetal brain 
As it has become clear that labor and delivery are the antecedents of neurological 
disability in only a small number of cases, pre-pregnancy and pregnancy factors have 
gained the interest of researchers 100 years after this etiology was first proposed [64] 
Current methods to monitor the fetus during pregnancy, such as EFM or ultrasonography, 
may indicate fetal distress but the onset of brain damage due to insufficient oxygenation 
cannot be diagnosed 
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Proton magnetic resonance spectroscopy has been used as a tool to examine the 
brain of newborns with signs of perinatal asphyxia [190] With this technique it is possible to 
estimate different metabolite levels in the bram Heerschap and van den Berg [96] have 
shown the feasibility of this method to assess the development and function of the human 
fetal brain Further studies are underway to investigate if this technique may eventually 
serve as a new non-invasive approach to monitor the fetus during pregnancy 
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3.1 Introduction 
To maintain aerobic metabolism, oxygen is of vital importance to the fetus. In utero 
oxygen tensions are low compared to the outside world, and therefore the companson was 
made with an environment of high altitude (8000-9000 m) like on Mount Everest, where 
oxygen tensions are correspondingly low [57] 
Although oxygen tension in the umbilical vein is only one third of that of the human 
breathing air at sea level, evolution has made some adaptations that guarantee an 
adequate oxygen supply to the fetus. The first adaptation is found in the fetal circulation, 
already described by Harvey in 1628 [92], which comprises bypasses (foramen ovale and 
ductus arteriosus) that close after birth. In 1939 Barclay et al [12] reported the existence of 
parallel blood streams in the fetus well-oxygenated blood coming from the placenta flows 
via the inferior cavai vein through the foramen ovale the left auricle and ventricle into the 
aorta to the myocard and the brain, less-oxygenated blood enters the heart from the 
superior cavai into the right ventricle and flows through the pulmonary valve into the 
pulmonary arteries or via the ductus arteriosus into the aorta. Because of this parallel 
circulation, the heart and brain are given preferential treatment with respect to the supply of 
well-oxygenated blood Further adaptations are the relatively high hemoglobin concentration 
in the fetal blood and the higher oxygen affinity of fetal hemoglobin compared to adult 
hemoglobin Therefore, despite the lower oxygen tension, the oxygen content (99% of 
oxygen is bound to hemoglobin) equals that of human blood after birth Fetal oxygenation 
has been well taken care of by nature 
3.1.1 The fetal acid-base balance 
A well-oxygenated fetus metabolizes mainly glucose according to the following reaction: 
C 6 H 1 2 0 6 +60 2 ->6C0 2 + 6H20 Eq. 3.1.1 
The only product of the aerobic metabolism, which affects the hydrogen ion concentration, 
is C02, as 
C02 + H20 <-> H2C03 <-> H+ + HCO3" Eq. 3.1.2 
C02 is eliminated via the placenta In the steady state, the total cellular C02 production 
equals the transplacental C02 elimination, and thus no changes occur in the fetal pH. Apart 
з 
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from its own metabolism, the fetal acid-base balance is also influenced by maternal and 
placental factors [232] 
Very early in pregnancy, a physiological decrease of maternal pC02 from the non­
pregnant level of 5 1 kPa (38 mmHg) to 4 ЗкРа (32 mmHg) occurs due to hyperventilation 
Because of a larger pC02 gradient between fetus and mother, the C0 2 diffusion is 
facilitated Changes in maternal circulation (shock), oxygenation and acid-base balance 
(metabolic acidosis as a consequence of prolonged labor) may influence the fetal acid-
base status 
Apart from the pC02 gradient, the transplacental diffusion of C0 2 is also 
determined by the placental diffusion capacity Diffusion capacity of the placenta is 
dependent upon fetal and maternal perfusion and the area of diaplacental gas exchange 
Changes in maternal (hypovolemia) or fetal (bradycardia) circulation, or placental infarction 
may influence fetal homeostasis 
Disturbance of the fetal acid-base balance during labor is characterized by a 
sequence of events which can be descnbed as follows A decrease in perfusion of the 
placental bed may lead to a lower oxygen supply and a reduced elimination of C0 2 The 
decline in pH is due to the accumulation of C0 2 and defined as respiratory acidosis With 
continuing fetal hypoxia, aerobic metabolism cannot be maintained The organism has to 
shift to anaerobic glycolysis to meet its energy requirements 
C6 H1 206 -> 2H+ + 2C3 Hs03" (lactate) Eq.3.1.3 
The resulting increase in hydrogen concentration will cause a decrease of buffer base 
(HCO3") (see Eq 3 12) Fetal blood pH will decrease further and metabolic acidosis 
develops (Figure 3 11) 
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Figure 3.1.1 Blood gases, pH and lactic acid levels with progressive fetal hypoxia 
Due to re-distribution of the available blood to the vital organs, p0 2 may rise. 
(Saling, 1966) [216]. 
In 1961 Saling introduced the intrapartum sampling of fetal capillary blood to 
objectivate the fetal oxygenation [220]. Also the postpartum sampling from the umbilical 
artery and vein from a clamped section of the umbilical cord provides this information. To 
assure the quality of these techniques, guidelines were formulated. 
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3.2 Guidelines for sampling of fetal scalp and cord blood 
modified from: Guidelines for blood sampling and measurement of pH and blood 
gas values in obstetrics. Based on a workshop held in Zürich, Switzerland, 
March 1993 by an ad hoc committee* 
'Breart G , Dudenhausen J W , van den Berg P P , Eskes Τ К A B , Galindo A , Holzgreve W , 
Ingemarsson I , Kunzel W , Linderkamp О , Di Renzo G С , Saling E , Saugstad О D , 
Siggaard-Andersen О , Soothill Ρ , Spencer A D , Takagi К , Takeda Y , Weber Τ , Weiner С , 
Rooth G , Huch R , Huch A 
European Journal of Obstetrics AGynecology and Reproductive Biology 1994; 54- 165-175 
3.2.1 Fetal scalp blood sampling 
Indications 
Fetal scalp blood sampling is indicated when fetal heart rate patterns cause 
concern about fetal well-being. The technique is equally applicable to pre-term fetuses. 
Repeated sampling should be performed, if the indications for fetal sampling remain. 
Contraindications 
Fetal blood sampling is not indicated in the advanced second stage of labor. 
Suspicion of fetal acidemia in this situation calls for immediate vaginal delivery by an 
appropriate technique in order to achieve delivery without wasting time on blood sampling. 
The procedure is also contraindicated when the mother is infected by HIV, hepatitis B,C or 
D virus. 
The procedure of fetal blood sampling 
This procedure should be performed by an appropriately trained obstetrician. 
Proper sampling technique requires practice and skill. The procedure may be performed as 
soon as cervical dilatation allows and the presenting part of the fetus is accessible. The 
membranes must be ruptured before sampling. 
Although most obstetricians perform the procedure with the mother lying on her 
back, there are several advantages for her lying on her side. This allows for the easiest 
access without causing a vena cava syndrome and may be more acceptable both for the 
parturient and the midwives. 
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A conical endoscope is passed into Ihe vagina and the introducer removed The 
cervix is identified under direct vision The end of the endoscope is maneuvered through the 
cervix, and the presenting part is first cleaned and dried A thin layer of sterile paraffin 
should be applied This helps to produce a thick drop of blood at the point of incision and 
also prevents carbon dioxide evaporation The use of vasodilating solutions is not required 
The incision, not deeper than 2 mm, should be made with a jabbing motion of a 
sharp blade (similar to a fragment of a razor blade) Commercial lancets are available, 
mounted on a special holder and projecting 2 mm, thus preventing deeper cuts 
There is no consensus of opinion regarding the ideal timing of the sampling, 
ι e during the first half of a contraction or between the contractions 
The blood should be collected in glass capillary tubes coated with dry heparin 
Commercial tubes of 8-10 cm length may be mounted on a special holder Longer tubes of 
about 30 cm length, especially designed for the fetal capillary blood sampling, do not 
require a holder It is best that the blood should enter the tubes by capillary action If mouth 
suction is preferred, it is advisable to use a valve or a trap to avoid sucking potentially 
contagious blood into the mouth The incision site should be observed until the next 
contraction to ensure that the bleeding stops 
Risks 
There is no significant maternal risk Fetal risks like excessive bleeding, infection 
and fetal trauma, are very rare 
Reference values and interpretation of results 
No significant influence of gestational age on the reference values has been 
established In routine practice only the pH value is used for the clinical evaluation More 
information about the cause of the acidemia is obtained by measuring pC02 and calculating 
the base deficit as well However, no clinical studies have indicated that the treatment or 
prognosis is different whether the acidaemia is predominantly due to an increase in pC02 or 
in base deficit 
There is no indication for immediate intervention if the pH value is above 7 24 
A decision regarding the obstetric management is necessary if the pH value is below 7 20 
An additional value of repeated blood sampling is that an increase in pH indicates 
improvement of the fetal gas exchange and vice versa The rate of fall of pH values will be 
faster, if the fetus has a reduced tolerance to hypoxia 
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3.2.2 Cord blood sampling 
Indications and contraindications 
Routine sampling of cord blood after all deliveries, whenever this is feasible, allows 
the population distribution to be determined This may be of help in planning and auditing 
the clinical service It also maintains the skills of staff involved with labor management and 
provides a focus for training on the interpretation of acid-base and blood gas information 
Selective cord sampling, in such circumstances as a low Apgar score, meconium-
stamed liquor, operative delivery for fetal distress, abnormal fetal heart rate, and suspected 
fetal distress, requires routine clamping of the umbilical cord after delivery Subsequent 
measurement would be performed as indicated 
Routine sampling of cord blood also allows for comparisons between different 
hospitals, provided that a high percentage of the deliveries is monitored and that the same 
sampling technique is used Unfortunately this is not the case at present 
There is no absolute contraindication to cord blood sampling Precautions are 
necessary if contamination is a risk 
Sampling and storage 
Sampling from the cord vessels may be performed with or without clamping Direct 
aspiration from the artery of the vein should be performed immediately after the delivery of 
the neonate if cord clamping is not employed 
Most commonly the cord is clamped The technique is important as an adequate 
arterial sample is required A minimum of three clamps is recommended 
After delivery of the baby, as much cord as possible should be gently delivered, 
without traumatismg the vessels The blood will clot if endothelial integrity is disrupted The 
first clamp should be applied as far from the neonate as possible - near the introïtus 
(vaginal delivery) or uterine incision (Caesarean section) - to prevent the arteries from 
emptying into the placenta Two clamps may then be applied near the baby and the cord 
divided between these clamps The infant can then be moved away Traction on the 
clamped section of cord, to deliver the placenta, should be avoided 
The cord may be sampled at this stage if immediate analysis is available If this is 
not the case, it is preferable to isolate a section of cord and defer sampling The first sample 
of heparimsed blood should be taken from one or both of the usually firm arteries Sampling 
from the chorionic plate needs more attention Branches of umbilical arteries are vessels 
which cross over others (the latter are veins) 
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The umbilical pH and blood gas values are influenced by the onset of neonatal 
breathing Some centres routinely wait for 1 mm before clamping in order to allow most of 
the blood from the placenta to be transfused to the infant and to allow the infant to cry 
before the clamping Clamping before the neonate is raised above the height of the 
placenta is also appropriate, if loss of blood to the placenta is to be avoided 
There are two reasons why both the umbilical artery and vein should be sampled 
First it will ensure that the umbilical artery value can be recognized, the two samples must 
be appropnately different (the artery has lower oxygen tension and saturation, lower pH, 
greater base deficit and higher carbon dioxide tension) Second, umbilical artery blood 
represents the fetal circulation, whereas umbilical vein blood shows the influence of the 
placenta The balance between fetal acid production and placental oxygenation can only be 
assessed by companng umbilical artery and vein samples 
Risks 
Cord blood sampling presents no risks to mother or newborn provided early 
clamping is avoided when contramdicated e g an overtly anemic newborn 
Reference values and interpretation of results 
A number of reference values are available Mean, median and ranges of values 
for pH, pC0 2 and base deficit vary between hospitals due to differences in population, 
sampling frequency and sampling technique Most published mean or median values range 
between 7 20 and 7 27 
The 95% confidence intervals for the total population of 4667 deliveries in one 
university hospital are given in ТаЫеЗ 2 1 Fig 3 2 1 shows the distribution of the pH values 
Table 3 2 1 95% Confidence intervals for various parameters for a population of 4667 deliveries in 
Nijmegen University hospital (Eskes et al 1963 [60]) 
Umbilical artery blood Umbilical vein blood 
~pH 
p 0 2 
(kPa) 
(mmHg) 
pC0 2 
(kPa) 
(mmHg) 
BDecf (mmol/l) 
7 0 6 -
1 3 -
9 8 -
9 1 • 
68 3 -
1 5 3 
•7 23 
• 5 5 
• 3 7 
3 7 
27 8 
- 0 5 
7 1 4 -
1 7-
1 2 3 -
7 5 -
56 3 -
12 6 
•7 45 
•60 
45 0 
•32 
24 0 
- 0 7 
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Figure 3.2.1 Distribution of pH values in umbilical artery blood (n=4667) (from Eskes et al. 1983 [60]) 
Umbilical artery acidemia is considered to be the most sensitive and objective 
indicator of fetal hypoxia during labor. Measurement of pH provides biochemical information 
and evaluation of fetal adaptation to labor. Pre-existing placental function and additional 
influences during labor (contraction frequency, epidural anesthaesia, etc.) will affect fetal 
oxygen supply and carbon dioxide elimination. The significance of such information 
depends upon appropriate interpretation in the context of clinical circumstances. Inferences 
about placental function and fetal adaptation may contribute to an understanding of 
neonatal condition. 
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3.3 Fetal distress and the condition of the newborn using 
cardiotocography and fetal blood analysis during labour 
P. van den Berg, S Schmidt, J. Gesche, E. Saling 
Institute of Perinatal Medicine. Free University of Berlin, Germany 
British Journal of Obstetrics and Gynaecology 1987; 94: 72-75. 
3.3.1 Summary 
The efficacy of electronic fetal monitoring combined with fetal blood analysis during 
labour in identifying fetal distress was investigated in a retrospective study. Operative 
delivery for fetal distress diagnosed during labour was performed in 9% of 2659 deliveries. 
All had continuous fetal heart rate monitoring and 22% had a fetal scalp blood analysis. 
Operative delivery had been performed in 53% of the infants who were acidotic at birth 
(umbilical artery pH <7.20) and in 46% of those with a low modified Apgar score (<7). These 
results show that the use of continuous fetal heart rate monitoring and fetal scalp blood 
sampling detects fetal distress without resulting in a high rate of operative delivery. 
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3.3.2 Introduction 
Electronic fetal heart rate monitoring is used in most labour wards but its value is 
still questioned by some authors [11,93,94] Sykes et al [250] found no statistical relation 
between the need for operative delivery for fetal distress and the condition of the newborn 
and considered that methods of assessing the condition of the fetus in labour needed 
urgent review This conclusion was derived from a study in which, although the majority of 
high-risk patients were monitored continuously, only 4% had fetal distress confirmed by fetal 
scalp blood sampling [221] 
To contribute further to this discussion we have assessed the association between 
neonatal outcome and the use of continuous fetal heart rate monitoring and fetal scalp 
blood sampling in our unit during 1984 
3.3.3 Subjects and methods 
The study involved 2659 deliveries that had continuous cardiotocographic monitoring during 
labour A fetal blood sample was obtained in 22% A fetal blood sample was considered 
necessary when there were the following 
(ι) early decelerations of >60 beats/mm, 
(n) variable, respectively late decelerations for >10 mm or three contractions, 
(in) fetal bradycardia of <100 beats/mm sustained for >2 mm 
Operative delivery for fetal distress was considered necessary if the fetal scalp 
blood pH decreased to <7 25 or if the fetal heart rate exceeded 160 beats/mm for >3 h even 
if the fetal scalp pH was normal, unless a vaginal delivery was anticipated within 2 h 
A fetal blood sample was not obtained if the monitor trace was abnormal and the 
fetal head was on the pelvic floor Such patients were delivered immediately with the Saling 
spoons [216] Operative delivery was performed in 459 labours Of these, 236 were for fetal 
distress, the methods used for delivery are listed in Table 3 3 1 
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Table 3.3.1 Mode of delivery and indication for operative delivery in 459 of 2659 deliveries in 19B4 
mode of delivery 
Emergency caesarean section 
Vacuum extraction 
Salmg spoons 
Total 
indication 
fetal 
distress 
55 
110 
71 
236 
for operative delivery 
other 
reasons 
58 
113 
52 
223 
total 
113 
223 
123 
459 
% of total deliveries 
(n=2659) 
4 3 
8 4 
4 6 
173 
A total of 108 elective Caesarean sections were excluded from the audit 
The condition of the newborn infant at birth was assessed by 
(ι) the immediate measurement of umbilical artery pH and 
(M) a modified Apgar score as shown in Table 3 3 2, 
this utilizes the turgidity of the cord vessels instead of heart rate, omits the response to 
stimulation and has a maximum value of 12 [215,216] 
Table 3.3.2 Modified Apgar score 
Variable 
Umbilical cord vessels 
Trunk colour 
Tone and movement 
Respiration in the first 90 s 
3 
turgid 
pink 
strong 
crying regular 
score 
2 
-
cyanotic 
good 
' occasional cry 
1 
filled 
pale blue 
diminished 
gasping 
0 
collapsed 
pale 
absent 
absent 
Salmg (1965) [215] 
We calculated the specificity (the percentage of negative results correctly classified 
as negative by the test under investigation), the sensitivity (the percentage of positive 
results correctly classified as positive by the test under investigation), the false positive rate 
(the percentage of negative results classified as positive by the test under investigation) and 
the false negative rate (the percentage of negative results classified as positive by the test 
under investigation) [11,82] 
3.3.3 Results 
From January 1 to December 31, 1984, 2797 women were delivered at the 
Frauenklinik Neukölln Of these 138 were excluded for the following reasons 11 fetuses 
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died before the onset of labour, 108 had an elective Caesarean section and 19 had no 
intrapartum monitoring data The modes of delivery are shown in Table 3 3 1 
Umbilical artery pH values were available for 2659 deliveries (2669 infants), the 
mean pH was 7 30 (SD 0 07) Fetal acidosis was considered to have been present if the 
pH was <7 20 Modified Apgar scores were available for all the infants Table 3 3 3 shows 
the condition of the 2669 newborn infants for those who had an operative delivery for fetal 
distress and for those who did not have an antenatal diagnosis of fetal distress The 
umbilical artery pH was 7 20 in 68 (29%) of the 236 infants born operatively after a 
diagnosis of fetal distress and in 61 (2 5%) infants in whom fetal distress was not 
diagnosed The corresponding proportion of infants who had low modified Apgar 
scores (<7) in the two groups was 8% (19 of 236) and 0 9% (22 of 2433) 
The data in Table 3 3 3 were used to calculate the sensitivity and the specificity of 
the antenatal diagnosis of fetal distress When umbilical artery pH alone was considered the 
sensitivity was 53% and the specificity 93% When the modified Apgar score was used the 
sensitivity was 46% and the specificity 92% When both the umbilical artery pH and the 
modified Apgar score were considered together the sensitivity was 61% and the specificity 
91% 
The false positive rate was greatest (95%) when both the umbilical artery pH and 
the modified Apgar score were used together to define fetal distress - 95% of the operative 
deliveries undertaken for fetal distress did not result in an infant that was distressed by 
these criteria However, the false negative rate was lowest for the same criteria - only 0 3% 
of the distressed infants did not have an operative delivery 
Table 3.3.3 Neonatal condition in 2669 infants with or without operative delivery for fetal distress 
condition of the newborn infant 
pH <7.20 with 
pH <7 20 Apgar score <7 Apgar score <7 
yes no yes no yes no 
Operative delivery for fetal distress 
(n=236) 
Fetal distress not diagnosed (n; 
Sensitivity 
Specificity 
False positive rate 
False negative rate 
=2433) 
68 168 
61 2372 
52 7% 
93 4% 
71 2% 
2 5% 
19 217 
22 2411 
46 1% 
91 7% 
91 9% 
0 9% 
11 225 
7 2426 
61.1% 
91 5% 
95 3% 
0 3% 
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3.3.4 Discussion 
This study shows that a combination of electronic fetal heart rate monitoring and 
fetal scalp blood sampling will detect 46-61% of distressed fetuses but that 71-95% of the 
fetuses diagnosed as distressed during labour will not be distressed immediately after birth 
The failure to detect all instances of fetal distress during labour can be due to 
misinterpretation of the monitor trace and to delay between a fetal blood sample that gave a 
normal result and the delivery In a small number of cases fetal distress was diagnosed but 
operative delivery was not considered appropriate because of extreme immaturity The fact 
that a substantial proportion of the distressed fetuses were identified is a strong justification 
for continuous fetal heart monitoring in labour and for fetal scalp blood sampling 
The low number of clinically depressed newborn cannot be explained by the use of 
the modified Apgar score in our study Neumann [169] showed that distribution of infants 
with low Apgar scores (<7) was the same with both scoring systems The heart rate value 
used in the 1-min Apgar score has no correlation with the umbilical cord artery pH at birth 
[207,249] The turgidity of the cord vessels has a better correlation with the acid-base status 
of the newborn and is part of our modified score 
With our methods for monitoring the condition of the fetus during labour, the 
prevalence of clinical distress (Apgar score <7) in the newborn has dropped to 1 5% This 
result is appreciably better than those reported by Haverkamp et al [93,94] and by Sykes et 
al [250] who reported operative delivery for fetal distress in 24% of infants whose Apgar 
scores were <7, in our study the percentage was 46% (Table 3 3 3) 
The umbilical cord artery pH is an objective index of fetal hypoxia during labour 
[28,30] Salmg [215] suggested that an umbilical cord artery pH of 7 20 at birth was the 
lower limit of normality Others have challenged this view Sykes et al [250] based their 
analysis on a value of 7 12 but the sensitivity and specificity of their methods of fetal heart 
monitoring are not encouraging In the group with intermittent fetal heart auscultation, none 
of the infants with a pH of <7 12 at birth had had an operative delivery for fetal distress 
(sensitivity = 0%) When continuous fetal heart rate monitoring was used, nine of the infants 
with a pH of <7 12 at birth had had an operative delivery (sensitivity 22%) In their study an 
abnormal fetal heart rate pattern was investigated by fetal scalp sampling in only a minority 
of labours (4%) The sensitivity of the detection of fetal distress in our study is much higher 
at 53% 
We performed an operative delivery for fetal distress in a considerable number of 
women whose infants were not acidotic at birth This is explained by the fact that, as 
described in the methods section, we do not obtain a fetal blood sample when the fetal 
heart trace becomes abnormal, when the head is on the perineum or if there is a sustained 
52 Intrapartum surveillance of human fetal oxygenation 
fetal tachycardia We performed an operative delivery when the fetal scalp blood pH 
decreased to <7 25 and in many cases this resulted in the birth of a non-acidotic non-
depressed baby This clinical management that prevents acidosis and clinical depression of 
the newborn is in so far erroneously classified as false positive It shows the limits of this 
statistical assessment 
The use of the fetal heart monitor in the absence of fetal scalp blood sampling to 
detect fetal distress is associated with the high rate of operative delivery especially 
Caesarean section [93,250] Sykes et al [240], using mainly fetal heart rate monitoring, 
described an operative delivery rate for fetal distress of 16% compared with our rate of 9% 
The overall Caesarean section rate in our study was 8% and this is low in comparison with 
other centres [280] 
Good results depend not only on the techniques used but also on the training of 
the delivery room staff and the antenatal education of the pregnant women Further 
improvement m the antenatal detection of fetal distress is likely with the development of 
methods for continuously observing the relevant biochemical variables in the fetus 
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3.4. Neonatal complications in newborns with an 
umbilical artery pH <7.00 
P.P. van den Berga, W.L.D.M. Nelena, H.W. Jongsma3, L.A.A. Kollée", R. Nijland3, 
J.G.Nijhuis3, T.K.A.B. Eskesa. 
Department of Obstetrics and Gynecology3 and Department of Pediatrics6, 
University Hospital Nijmegen. The Netherlands 
submitted 
3.4.1 Abstract 
Objective: To determine the significance of an umbilical artery (UA) pH <7.00 in 
relation to neonatal morbidity and mortality. 
Study design: Between 1986 and 1993 acid-base assessment of the UA was 
performed routinely in 10699 deliveries. In a retrospective cohort-study 84 non-anomalous 
neonates with an UA pH <7.00 were individually matched with 84 neonates with an 
UApH >7.24. Matched variables included: Year of delivery, gender, parity, maternal age, 
delivery mode, fetal presentation, gestational age and birthweight. Differences in morbidity 
between the two groups, during the neonatal period (until 28 days after delivery), were 
investigated. 
Results: Neonates with an UA pH <7.00 versus UA pH >7.24 showed significant 
differences in the following: neonatal condition directly post partum, neurological, 
respiratory, cardiovascular, gastro-intestinal complications and NICU admissions. No 
significance was found in renal dysfunction and mortality rate. The proportion of prematures 
(<37 weeks) was 17% in both groups. In the acidotic group, a one minute Apgar score <3 
was predictive for neonatal complications. 
Conclusions: Severe intrapartum asphyxia, quantified by an umbilical artery pH 
<7.00, poses a threat to the neonate's health. 
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3.4.2 Introduction 
Neonatal multiple organ dysfunction is often considered to be a consequence of 
intrapartum asphyxia [236] To identify the relationship between fetal intrapartum asphyxia 
and neonatal complications, many investigators have used the cord blood acid-base 
balance as a measure of intrapartum asphyxia [51,76-78,273] Although inconsistent results 
have been published [51,273], recent studies indicated that there is a significant increase in 
neonatal multi-organ morbidity and neurological dysfunction, if acidemia is severe 
(pH <7 00) [76-78] Low et al [146] showed a high base deficit (>16 mmol/L) to be the 
decisive parameter 
Apart from intrapartum asphyxia, many fetal and intrapartum variables, such as 
infection, trauma, gestational age, birth weight and others, may influence the neonatal 
condition To avoid confounding variables, most authors exclude low birthweight and 
premature infants from analysis 
In this study a retrospective matched cohort design was chosen to further clarify 
the association between severe acidosis and neonatal morbidity, and reduce the influence 
of confounding factors An umbilical artery pH <7 00 was taken as a measure of severe 
intrapartum asphyxia 
3.4.3 Methods 
Between January 1986 and December 1993, 14025 infants were born alive at the 
University Hospital of Nijmegen, The Netherlands Umbilical cord blood samples were 
routinely obtained during this period Immediately after delivery the umbilical cord was 
double clamped, arterial and venous blood samples were taken by the obstetrical floor 
personnel using a pre-hepannized syringe These samples were analyzed within 20 minutes 
after delivery on a blood gas analyzer (Ciba-Cornmg 288) Results of these analyses 
together with demographic and clinical data were entered into a computerized database 
The UA blood pH of each sample was checked for its reliability by comparing it with 
the pH of the umbilical vein (UV) If the difference was less than 0 03 pH units 
(indicating the probability that venous blood was obtained twice), the case was eliminated 
Reliable cord blood samples were available from 10699 (76 6%) neonates One hundred 
and thirty (1 3%) had a UApH <7 00 From seven cases there was only a UVpH <7 00 
available Because the UA pH is always lower than the UV pH, these cases were included 
From these one hundred and thirty seven, the cases with intra-utenne infection 
(intrapartum maternal temperature >38°C and fetal tachycardia, n=8), chromosomal and 
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morphologic congenital anomalies (n=4), no complete records available (n=8) and no 
control-case available (n=33) were excluded 
This resulted in 84 cases (81 with an UApH <7 00 and 3 with an UVpH <7 00) that 
could each be individually matched with a neonate with an UA pH >7 24, which is the fiftieth 
centile for UA pH at Nijmegen University Hospital [60] Matching variables included date of 
birth (same year or one year earlier or later, if not possible two years earlier or later), 
gender, parity (nulliparous or multiparous), gestational age (<26 / 26-28 / 28-30 / 30-32 / 
32-34 / 34-37 / 37-42 / >42 weeks of gestation), mode of delivery (spontaneous delivery, 
vacuum extraction, forceps delivery, elective Cesarean delivery, Cesarean delivery for 
dystocia or fetal indication), fetal presentation (cephalic or breech), birthweight according to 
the birth weight centiles by Kloosterman [131] (<Р2з/ Ргз-Р-ю/ p io-p5o/ PSO9TT! >Р9Л) 
If several control cases were available, the one with the closest maternal age (at the time of 
delivery) was selected 
The matched controls were selected without awareness of the neonatal outcome 
The neonatal period was defined as the first 28 days of life The following six categories of 
morbidity were noted from the newborn records 
a Fetal condition directly post partum need for resuscitation or intubation Apgar scores 
recorded after 1 and 5 minutes 
b Neurological complications abnormal tone >24 h post partum, seizures, intracranial 
hemorrhage, penventricularleucomalacia, otherwise abnormal ultrasound abnormal EEG 
с Pulmonary complications recurrent apnea, aspiration, pneumothorax, lodiopathic 
respiratory distress syndrome (grade l-IV), broncho pulmonal dysplasia, persistent 
pulmonary hypertension 
d Cardiovascular complications treated open ductus arteriosus, treated periods of 
brady/tachycardia and hypotension 
e Renal dysfunction serum creatinine > 90 μπιοΙ/ί. after 3 days of life 
f Gastro-intestinal complications ALAT>25U/L, ASAT>33U/L, necrotising enterocolitis 
Sepsis, admission to the neonatal intensive care unit and mortality were also noted 
Differences in neonatal complications between the study (pH <7 00) and the control 
group (pH >7 24) were analyzed according to these parameters To investigate the 
distnbution of the neonatal complications (multi-organ morbidity), a scoring system was 
devised If a neonate showed one or more complications belonging to one category 
(a, b, e, d, e or f), they were awarded one point For each subject the complication points 
were added together and the difference between the acidotic neonate and its matched 
control (delta complications) was calculated 
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To further describe the study group, metabolic acidosis was defined (according to 
Goodwin et al. [78]) as pC02 <65 mmHg and base deficit >10 mmol/l; respiratory acidemia 
was defined as pC02>65 mmHg and base deficit <10 mmol/l Mixed acidosis was defined 
as pC02 >65 mmHg and base deficit >10 mmol/l. 
Statistical significance was determined by 2x2 contingency tables and Fisher exact 
tests. Differences in morbidity between the two groups were tested for significance using 
the McNemar test. A p-value <0.05 was considered significant. 
3.4.4 Results 
The demographic and intrapartum characteristics of the 84 pregnancies (70 term 
and 14 preterm neonates) in the acidotic and the control group are summarized in Table 
3 4 1 and compared with the general obstetric population of the University Hospital of 
Table 3.4.1 Maternal and fetal demographic and intrapartum characteristics 
AGE 
NULLI/MULTIPARA 
GESTATIONAL AGE 
immature 
premalure 
term 
postmature 
PRESENTING PART 
DELIVERY METHOD 
not operative 
vacuum extraction 
forceps 
elective Cesarean 
sec Cesarean 
BIRTHWEIGHT 
< P * 3 
SEX 
arterial ( U A ) pH 
p C 0 2 
BD 
venous ( u v ) pH 
pCOj 
BD 
MULTIPLE GESTATION 
(mean±SD years) 
(%) 
(mean±SD days) 
(%) 
(%) 
(%) (%) 
caput/breech (%) 
(%) 
(%) 
(%) 
(%) (%) 
(mean±SD grams) 
(%) 
female/male (%) 
(mean±SD (n)) 
(mean+SD mmHG (π)) 
(mearttSD mEq/t (n)) 
(mean±SD (n)) 
(mean±SD mmHG (π)) 
(mean±SD mEq/l (n)) 
(%) 
total populationO 
(n=14025) 
29 6 + 4 6 
51/49* 
270 ± 26 
3 
13 
78 
6 
89 6/10 4 * 
67* 
9 * 
6 
11 
B* 
3049 ± 845 
3 
48/53* 
7 24 ± 0 08 (14025) 
4 * 
matched cases 
study group 
(n=84) 
29 1 ± 4 5 
64/36 
270 ± 21 
0 
18 
81 
1 
81/19 
48 
16 
10 
14 
13 
2935 ±772 
6 
33/67 
6 91 ± 0 0 9 ( 8 1 ) 
1 2 0 ± 3 3 ( 8 0 ) 
1 8 2 ± 4 3 ( 8 1 ) 
7 0 2 ± 0 1 2 ( 8 4 ) 
9 5 ± 3 1 (81) 
15 5 ± 4 3(82) 
10 
control group 
(n=84) 
2 9 1 ± 3 6 
64/36 
270 ± 20 
0 
18 
81 
1 
81/19 
48 
16 
10 
14 
13 
2909 ± 7 1 7 
6 
33/67 
7 29 ± 0 03 (84) 
6 6 ± 1 2 (77) 
36±24(78) 
7 35 ±0 04 (84) 
5 2 ± 0 9 (78) 
3 8 ± 2 0 (79) 
10 
unmatched 
acidotic cases 
(n=33) 
3 0 6 ± 5 1 
72/28 
235 ± 3 1 * 
1 3 * 
6 6 * 
1 9 * 
3 
52/48 
2 7 * 
0 * 
9 
4 2 * 
21 
1926 ± 7 6 5 * 
6 
50/50 
6 87 ± 0 1 3 (31) 
2 6 * 
= significant difference (p <0 05) between total population and study group 
* = significant difference (p <0 05) between study group and group of acidolic neonates that could not be matched 
О Total investigated population delivered in the University hospilal Nijmegen in the period ol 1986-1993 
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Nijmegen over the same time-interval (1986-1993) and with the neonates in the acidotic 
group that could not be matched. In the study group the percentage of nulliparous patients, 
breeches, vaginal operative deliveries, multiple gestation male neonates is significantly 
higher than in the total population. In the group of acidotic neonates that could not be 
matched, the gestational age and birthweight are significantly lower - there are more 
prematures and immatures - and multiple pregnancies are more present. Also significantly 
more operative deliveries are performed. 
Neonatal complications for the matched acidotic and the non-acidotic group are 
summarized in Table 3.4.2. Neonatal morbidity (poor condition after delivery, neurological-, 
pulmonary-, gastro-intestinal- and cardiovascular-complications) was significantly higher in 
the acidotic group than in the non-acidotic group, with the exception of renal complications. 
NICU admissions were also significantly higher. Two neonates in the acidotic group died. 
Conversely twenty-three (27%) acidotic neonates, with a pH between 6.80 and 7.00, did not 
show any sign of neonatal morbidity. 
Table 3.4.2 Neonatal complications in newborns with an UA pH <7.00 vs UA pH >7.24 
COMPLICATIONS 
POOR CONDITION AFTER DELIVERY 
resuscitation 
intubation 
Apgar 1"<7 
Apgar 5'<7 
NEUROLOGICAL 
abnormal tone 
seizures 
intracranial hemorrhage 
periventricular leucomalacia 
abnormal EEG/cranial ultrasound 
PULMONARY 
recurrent apnea 
aspiration 
pneumothorax 
idiopathic respiratory distress syndrome 
broncho pulmonal dysplasia 
persistent pulmonary hypertension 
CARDIOVASCULAR 
treated open ductus artenosus 
brady/tachycardia 
hypotension 
RENAL 
GASTRO-INTESTINAL 
high liver enzymes 
necrotizing enterocolitis 
MORTALITY 
NICU-ADMISSION 
study cohort 
(n=84) 
n(%) 
63(75) 
51 
24 
56 
26 
19(23) 
12 
9 
5 
2 
12 
26(31) 
4 
18 
3 
В 
2 
1 
13(15) 
2 
7 
g 
4(5) 
14(17) 
14 
1 
2(2) 
27(32) 
McNemar test 
ρ -value 
<0 0O1 
<0 001 
<0 001 
O 0 0 1 
o ooi 
<0 01 
<0 02 
О 01 
ns 
ns 
<0 05 
<0 01 
ns 
О 01 
ns 
<0 02 
ns 
ns 
<0.01 
ns 
ns 
<0 02 
ns 
<0 001 
О 001 
ns 
ns 
<0 001 
control group 
(n=84) 
n(%) 
10(12) 
6 
2 
8 
2 
6(7) 
2 
1 
2 
1 
3 
8(11) 
4 
3 
1 
3 
1 
0 
7(8) 
1 
6 
2 
1(1) 
0 
0 
0 
KD 
7(8) 
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Of the acidotic newborns 87.5% had a mixed, 2.5% a respiratory and 10% 
a metabolic acidosis (see Fig. 3.4.1, n=80, in three cases no arterial blood sample was 
available, in one case pC02 was not measured). Regarding the neurological complications, 
all were seen in the group with mixed acidosis and none in the metabolic acidosis group. 
Almost all (17/18) neurological complications were found in acidotic neonates with a base 
deficit >15 mmol/L. All term neonates exept one with neurologic dysfunction had an 
UApH <6.90. With increasing hypercarbia or base deficit the proportion of neonates with 
neurological complications increased. When the UA pH of the neonates ranged between 
6.90 and 7.00, neurologic dysfunction was found in all but one case in preterms. In the 
acidotic group, both for preterms and terms, the risk of developing neurological 
complications was higher than in the non-acidotic group (Table 3.4.2). 
160 
0 5 10 15 20 
base deficit (mmol/l) 
Figure 3.4.1 Base deficit versus pC02 in the umbilical artery with subdivision for gestational age 
and neurological dysfunction. Iso-pH lines were drawn at pH: 7.00, 6.90, 6.80 and 6.70 
• preterms with neurologic complications; D preterms without neurologic complications; 
• terms with neurologic complications; Δ terms without neurologic complications 
In Figure 3.4.2a and b the difference in neonatal morbidity score between 
acidotic neonates and their matched controls is plotted against the pH and the base deficit. 
None of the newborns in the acidotic group showed fewer complications than the non-
acidotic controls, so the delta score for all matched pairs is positive. 
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Figure 3.4.2a The difference in number of complications between the acidotic and 
non-acidotic matched pairs (delta complications) versus umbilical artery pH 
• detta complications in preterm matched pairs; 
Δ delta complications in term matched pairs 
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Figure 3.4.2bThe difference in number of complications between the acidotic and 
non-acidotic matched pairs (delta complications) versus umbilical artery base deficit 
• delta complications in preterm matched pairs; 
Δ delta complications in term matched pairs 
Of the 24 cases in the acidotic group with a one minute Apgar score <3 fifteen 
cases developed neurologic complications (positive predictive value = 63%, Figure 3.4.3). 
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Figure 3.4.3 Umbilical artery pH versus one minute Apgar score with a subdivision for 
gestational age and neurological dysfunction 
• preterms with neurologic complications; 
D preterms without neurologic complications; 
• terms with neurologic complications; 
Δ terms without neurologic complications 
Below an UA pH of 6.80 all neonates were born severely depressed. Above this 
value there was no relation between pH and the one minute Apgar score, 25% of the 
acidotic neonates were born in good condition (one minute Apgar score >7). In the non-
acidotic group no one minute Apgar score <3 was found 
3.4.5 Discussion 
In numerous studies the role of labor and delivery as a cause of neonatal morbidity 
has been investigated The relationship between umbilical artery pH, as a measure of 
intrapartum asphyxia, and newborn morbidity remains, however, unclear This may be due 
to the fact that there is no consensus on the definition of acidosis Umbilical artery pH 
values defined as acidosis range from 7.20 [193,273] to 7.00 [76-78]. Goldaber et al. [77] 
and Gilstrap et al. [76] proposed a pH of 7.00 as a reasonable definition of fetal acidemia. 
However, they did not further assess the group of neonates with an UApH <7.00. 
Goodwin et al [77] showed that in acidotic neonates with an umbilical artery pH <7 00 there 
is an increase in multi-organ morbidity as the umbilical artery pH decreases These results 
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are in agreement with our findings We found that neonates with an UApH <7 00 required 
resuscitation and intubation more often, and they had significantly more chance of 
developing respiratory, gastro-mtestmal, cardio-vascular and neurological complications 
than neonates with an UApH >7 24 
Renal dysfunction was not significantly increased compared to the non-acidotic 
group This contradicts with other findings [193,196] Different ways of defining renal 
dysfunction may be one of the causes Our definition was consistent with Perlman et al 
[193] (serum creatinine >90 μπιοΙ/Ι after the third day of life) However, they include 
additional parameters such as haematuna and oligo- or anuria in the assessment of renal 
dysfunction 
Many factors are known to influence neonatal morbidity and thus may obscure the 
relationship between intrapartum asphyxia and subsequent neonatal development [60,279] 
For this reason, Goldaber et al [77] and Goodwin et al [78] excluded preterm delivery 
(<37 weeks) and low birthweight (<2500 gram) [97], but disregarded other factors However, 
such exclusion of certain groups of subjects may also lead to misjudgement of the 
contribution of intrapartum asphyxia to neonatal morbidity We tried to identify the 
differences in neonatal condition caused by acidosis by carefully matching and comparing 
individual cases in the acidotic and non-acidotic group A scoring system was developed to 
elucidate the differences in multi-organ morbidity (Figure 3 4 2a,b) One could argue that by 
simply adding and subtracting the occurrence of complications the severity in one category 
as well as the differences between lesions are not taken into account However, it is likely 
that a more severe insult may result in damage in more than one organ system A tendency 
to increasing multi-organ complications with a decrease of pH can also be seen in preterm 
neonates This is even more evident, when the association between neonatal complications 
and base deficit is investigated 
Low et al [146,147] advised to use the base-deficit as a measure of asphyxia, 
because it indicates the severity and duration of insufficient oxygen supply They 
reported that only newborns (terms and preterms) with a metabolic acidosis (base 
deficit >16 mmol/l) showed an increase in neonatal complications The respiratory 
component (hypercarbia) was considered unimportant in their analysis Pure respiratory 
acidosis, defined as UA carbon dioxide tension >75 mmHg, was not associated with either 
an increase in frequency or severity of newborn complications compared to non-acidotic 
controls Goodwin et al [78] as well as the present results show that neonatal complications 
are predominantly found when the base deficit is >15 mmol/l They found that extreme 
hypercarbia (>100 mmHg) was present in all neonates with major neurological deficits, while 
no infants with pure metabolic acidosis developed seizures We found that neonates in the 
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acidotic group who developed neurological problems all revealed an pC02 >65 mmHg 
Fetuses suffering from prolonged intrapartum hypoxia (causing anaerobic metabolism to 
start), where placental gas exchange continues to be disrupted, appear to be at the highest 
risk for neonatal morbidity The abcense of neurologic dysfunction in fetuses with pure 
metabolic acidosis (see Fig 3 4 1) may be explained by the restoring of oxygen supply 
(and placental carbon dioxide diffusion) at a time before tissue damage has occurred 
Twenty seven percent of neonates born with a pH between 6 80 and 7 00 had no 
neonatal problems Neonatal morbidity may not only depend on the duration and degree of 
exposure to hypoxia, but also on the difference in fetal vulnerability determined by 
adequacy of adaptive responses (ι e redistribution of blood flow to the vital organs), genetic 
factors and maturity of the central nervous system [25] 
In this study the predictive value of a one minute Apgar score <3, in the acidotic 
group, was high for neurologic dysfunction Other authors also report sensitive predictions 
of newborn complications when severe acidemia and Apgar score are combined [238,76] 
Apgar scores should not be used as the sole index of asphyxia [249] Using only low Apgar 
scores to indicate the need for acid-base assessment in the neonate would overestimate 
the role of acidemia as causative factor for neonatal morbidity Therefore determination of 
the UA pH should be performed in every newborn 
Adverse events during labor and delivery appear to play only a limited role in the 
genesis of long-term neurological disability [210] Moreover, the scarcity of cerebral palsy 
(approximately 2 per 1000 deliveries) results in poor correlations with other measures of 
neonatal condition This study has revealed that intrapartum asphyxia quantified by an 
umbilical artery pH <7 00 is not uncommon (in this study 1 3% of the total population), and a 
relation with neonatal multi-organ morbidity was found When adequate neonatal care is 
available, all of the organ system effects may resolve in time Only neonatal seizures have 
been found to be a marker for long-term neurologic sequelae [49] However, these 
abnormal neonatal outcomes should be prevented and therefore delivery of newborns with 
an UApH <7 00 has to be avoided 
Further studies should determine the degree of asphyxia or acidemia which can be 
handled by the neonate without an increase in neonatal complications compared to 
non-acidotic controls 
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4.1 Introduction 
To find a biochemical parameter that enables reliable monitoring of fetal 
oxygenation during labor, has been the goal of many investigators Transcutaneous 
measurement of blood gases is used to monitor adults and neonates in intensive care 
situations It provides instant and continuous information regarding the body's ability to 
deliver oxygen to the tissue and remove carbon dioxide via the pulmonary system In the 
fetus a raise in pC02 is the initial sign of impaired placental perfusion Huch et al (1973) 
[102] were the first to apply transcutaneous electrodes to the fetal scalp during labor 
However, the vertex may provide a totally unrepresentative capillary bed, due to stasis and 
caput succedaneum formation Local hypoxia and thus measurements of low oxygen 
tension in an otherwise well oxygenated fetus will be the consequence This disqualified the 
transcutaneous oxygen tension (tcp02) measurement as a method of monitoring fetal 
oxygenation during labor 
The effect of local blood flow (perfusion) on tcpC02 measurements is not as 
pronounced as it is for oxygen This is mainly due to the fact that the difference between 
arterial and venous pC02 normally differs by only a few mmHg and that C02 diffuses much 
faster (C02 is 20 times more soluble in tissue than 0 2 [95]) However, during labor, a rise of 
pC02 m the scalp tissue due to lack of local perfusion may occur, which may lead to 
differences between tcpC02 and arterial pC02 
4.1.1 The basic principles of transcutaneous carbon dioxide tension 
monitoring 
The transcutaneous measurement of carbon dioxide is based on the diffusion of 
this gas through the skin The measuring electrode contains a glass pH electrode, a 
reference electrode and a heating element The electrode heats up the skin and thus makes 
this normally perfectly tight membrane permeable to gas transport The heating also creates 
local hyperemia, which is the skin's natural reaction to excessive heat The blood vessels in 
the region dilate, thus decreasing the flow resistance and increasing the blood flow to obtain 
a cooling effect The increased blood flow artenalizes the capillary blood and lowers the 
pC02 levels towards arterial levels From the skin C02 diffuses in the measuring chamber of 
the electrode, resulting in pH changes measured by the pH electrode By means of a 
microprocessor tcpC02 is calculated from the pH changes (Fig 4 11) 
There is no consensus on the optimal measuring temperature, which ranges 
between 39°C and 44°C Although a higher temperature yields a shorter response time, it 
may also lead to first or even second degree skin burns [223] 
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©Glass pH electrode,©Temperature sensor, ® 0 2 permeable Poly-Propylene membrane, ©Heating 
element, ©Electrolyte chamber, ©Reference electrode, @C02 permeable Teflon membrane, ©O-ring 
securing the membrane, ®25μ Pt-Cathode 
Figure 4.1.1 Schematic drawing of the combined tcpO^pCC^ electrode 
Due to the heating of the electrode the dissociation of C0 2 in the measuring area 
increases, leading to higher pC02 levels in the blood. Skin metabolism also increases, 
leading to a further C0 2 increase. This effect is proportional to the temperature. This means 
that tcpC02 readings can be temperature corrected to give readings comparable with 
arterial pC02 values at 37°C (Severinghaus 1981 [234]). 
After each application the Teflon C0 2 permeable membrane of the electrode needs 
to be replaced. The electrode is calibrated before the measurement in 5% and 10% pC02 
gas mixtures. To determine the base line shift, calibration has to be repeated after the 
measurement. The in vivo drift has been reported as being up to 8% 
During labor, the electrode can only be applied when membranes are ruptured and 
cervical dilatation is at least 3cm, with the head engaged in the pelvic inlet. The electrode is 
attached to the presenting part either by suction (approximately 20 kPa) or gluing 
(2-butylcyanuacrylate (Histoacryl)). 
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95% stabilization time (the time from application until 95% of the stable value is 
reached) is approximately 2 mm at 44°C [89] In animal studies a reduction of the 
temperature from 44°C to 39CC doubled the response time (the time after an alteration in 
pC02 until 95% of the new value is measured, Schmidt 1984 [226]) Stabilization and 
response time are important variables when an acute insult occurs or when re-application is 
needed (Nickelsen 1988 [174]) 
4.1.2 Clinical trials 
Normal values of pC02 in fetal capillary blood during uncomplicated labor were 
published by Sahng 1964 [214], Kubh 1966 [136] and Beard 1965 [18], ranging from 
3 5 to 8 5kPa in early labor and from 4 1 to 9 1 kPa in the second stage of labor 
Normal values of tcpC02 were reported by Thomson and Weber 1984 [251], 
Schmidt and Sahng 1987 [227] and Nickelsen and Weber 1988 [174] Nickelsen and Weber 
1988 [174] reported mean normal values of tcpC02 at 41'C and 44°C electrode 
temperature, which were both corrected to 37°С values (Table 4 11) The values 
demonstrated by Schmidt and Sahng 1987 [227] were at the same level The temperature 
factor used for correction of the electrode temperature is based on the anaerobic 
temperature coefficient of carbon dioxide in blood Changes in blood flow and production of 
C0 2 in the upper layer of the epidermis are, however, not taken into account Normal values 
published by Thomson and Weber 1984 [251] were measured at an electrode temperature 
of 44'C without being corrected to 37'C Therefore these values cannot easily be 
compared 
Table 4.1.1 Mean (SD) and normal range of fetal tcpC02 in fetuses born with umbilical artery blood 
pH >7.19 (kPa corrected to the 37°C value), Nickelsen and Weber 1988 [174] 
stage of labor 
electrode temperature 4 Г С 
Mean (SD) 
π 
Normal range 
electrode temperature 44°C 
Mean (SD) 
η 
Normal range 
early fist stage 
6.09(1.25) 
17 
3.59-8.59 
5.80 (0 84) 
16 
4.12-7.48 
early second stage 
7.10 (1 34) 
32 
4.42-9.78 
6.30 (0 93) 
39 
5.01-8.97 
delivery 
7.61 (1 89) 
30 
3.83-11.39 
6.64 (0 98) 
61 
4.48-8.40 
The wide range of normal tcpC02 values and the obvious dependence of these 
values, even when corrected to 37°C, on the electrode temperature may impede the use of 
this method to identify fetal acidosis The definition of fetal acidosis varies in different 
studies, and therefore it is difficult to compare the results Schmidt (1987) [224] reported a 
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positive predictive value of 24% at a measuring temperature of 39°C, using a tcpC02>63 
mmHg to identify an umbilical artery pH of <7 25. At a measuring temperature of 44°C and a 
threshold for tcpC0 2 of 80mmHg the positive predictive value was 53%. Nickelsen (1988) 
[174] stressed the increase of tcpC02 to be a more reliable measure of identifying fetal 
acidosis To investigate whether tcpC02 really represents the carbon dioxide tension in the 
human fetus, tcpC0 2 measurements have been correlated with blood pC0 2 in fetal blood 
samples and in the umbilical artery Results are shown in Table 4 1 2 
Table 4.1.2 Correlation coefficients between tcpC02 and pC02 in the capillary blood (FBS) 
determined by fetal blood analysis and in the umbilical artery (UA) 
Reference Electrode 
temperature 
(°C) 
Sample 
origin 
Correlation 
coefficient 
Number of 
measurements 
Schmidt et al. (1983, 1984), Schmidt 39 
(1987) [223,225,226] 
Braemselal. (1993) [31] 42 
Schmidt (1987) [223] 44 
Hansen étal. (1984) [89] 44 
FBS 0.74 
FBS 
FBS 
FBS 
UA 
UA 
UA 
UA 
UA 
UA 
UA 
0.56 
0.81 
0.96 
0.68 
0.75 
0.75 
0.60 
0.69 
0.77 
0.91 
111 
33 
99 
10 
Schmidt et al. (198Э, 1984) [225,226] 39 
Nickelsen & Weber (1988) [174] 41 
Braemsetal. (1993) [31] 42 
Hansen et al. (1984) [89] 44 
Nickelsen étal. (1985) [171] 44 
Nickelsen & Weber (1988) [174] 44 
Thomsen & Weber (1984) [251] 44 
22 
35 
15 
49 
21 
64 
15 
derived from Nickelsen and Weber 1986 [172] and Braems et al. 1993 [31] 
Both the correlations between tcpC02 and pC0 2 in umbilical artery blood and fetal 
scalp capillary blood vary considerably. The electrode temperature did not seem to 
influence the correlation of tcpC0 2 and pC0 2 
The influence of both methods of fixation (glue and suction) on the measured 
values was analyzed by Nickelsen and Weber (1986) [172]. Two electrodes were applied on 
the same fetus (n=10), using the two fixation methods. No difference was found between 
the rate of success (70%) The stabilization times and the readings did not differ 
significantly 
Fixation of the electrode by suction is considered easier than gluing, because 
preparation of the fetal scalp, such as shaving of the hair, is unnecessary. Schmidt (1987) 
[223] reported the percentage of successful applications by glue to have been 90% in 245 
cases Only in 3% of the cases was re-application required. With the suction fixation method 
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a successful placement of 80% (80 cases) was obtained by Nickelsen and Weber (1987) 
[173] Hansen et al (1984) [89] described an unsuccessful measurement in 5 5% of the 
cases (N=55) using suction fixation 
The influence of maternal oxygen supply was investigated only by Bartnicki et al 
(1990) [16] In this study 100% oxygen was administered to the mother (n=35) over 10 
minutes at a flow rate of 101/minute The maternal blood gases were transcutaneously 
monitored Maternal transcutaneous oxygen tension (tcp02) rose from a mean (±SD) 
61 (±15 5) mmHg to 249 4 (±37 6) mmHg during the 0 2 application Maternal mean (±SD) 
tcpC02 was 30 0 (±7 9) mmHg and did not change significantly during the oxygenation The 
author found no changes in fetal tcpC02 when 0 2 was administered 
The influence of epidural anesthesia was investigated by Bartnicki et al (1991) [15] 
and Nickelsen and Weber (1988) [174] Both found increased tcpC02 values During 
pregnancy and more pronounced during labor there is an increase in maternal alveolar 
ventilation, accompanied by a decrease in pC02 When analgesia is achieved, maternal 
respiration changes The excretion of C02 by the lungs decreases, resulting in a higher 
pC02 in the maternal blood The correspondingly diminished gradient between maternal 
blood pC02 and placental pC02 decreases the transplacental diffusion of C02 Also during 
the second stage of labor (pushing), maternal and therefore fetal pC02 appears to increase 
(Thomson and Weber 1984) [251] 
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4.2 Fetal transcutaneous рСОг measurements during labour 
M.G.M. Bergmans3, H.P. van Geijnb, T. Weber0, С Nickelsen0, S. Schm¡dtd, 
P.P. van den Bergd 
Department of Obstetrics and Gynaecology, St Laurentius Hospital, Roermond, The Netherlands 
Department of Obstetrics and Gynaecology, Vrije Universiteit, Amsterdam, The Netherlands 
Department of Obstetrics and Gynaecology, Hvidovre, University Hospital, Copenhagen, Denmark 
Department of Obstetrics and Gynaecology, University Hospital, Bonn, Germany 
European Journal of Obstetrics & Gynecology and Reproductive Biology 1993, 51: 1-7 
4.2.1 Abstract 
The departments of Obstetrics and Gynaecology of the Universities of Bonn and 
Copenhagen and the Free University of Amsterdam co-operated in the European 
Community Concerted Action Project 'New methods for Perinatal Surveillance'. In 95 
patients fetal transcutaneous pC02 (tcpC02) recording (measuring temperature 41 °C) 
during labour was evaluated regarding its clinical applicability. During the first stage of 
labour fetal tcpC02 was rather stable at a level of 7.3 ± 1,4 kPa. In the second stage there 
were marked differences between the three sub-populations. In the first stage of labour the 
correlation between tcpC02 and pC02 in fetal blood samples was 0.38 (P = 0.02) and in the 
second stage -0 20 (P = 0.36). The correlation of fetal tcpC02 with umbilical artery pC02 
was 0.30 (P = 0 01) and with pH -0 30 (P = 0.01). Using a fetal tcpC02 level of 8.0 kPa as a 
cut-off point to predict an umbilical artery pH less then 7.20, sensitivity was 88%, specificity 
65%, positive predictive value 29% and negative predictive value 97%. The likelihood ratio 
of a positive test was 2 47 and of a negative test 0.13. It is concluded that fetal tcpC02 
possibly can be an additional tool to exclude fetal acidosis. In case of values above 8.0 kPa 
further evaluation of the fetal acid-base balance is indicated. 
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4.2.2 Introduction 
The main risk for the fetus during labour is impairment of the utero-placental or 
umbilical cord circulation, which finally can lead to metabolic acidosis with tissue and organ 
damage [127] The first step is development of respiratory acidosis with accumulation of 
carbon dioxide [219] Reliable and continuous measurement of fetal pC02 levels potentially 
can provide an early warning signal for the development of respiratory acidosis Current 
obstetric practice in this regard depends on the invasive technique of micro blood sampling 
The method is cumbersome and is disliked by the woman being in labour If pC02 
concentrations can be measured reliably and remain stable, micro blood sampling and even 
unnecessary instrumental deliveries for so-called fetal distress can possibly be avoided 
Surveillance of the biochemical status of the newborn infant by means of continuous 
measurement of transcutaneous^ obtained pC02 levels (tcpC02) has become routine in 
neonatology In neonates, arterial and transcutaneous pC02 levels are well correlated 
(r = 0 78-0 91) in case of normoxia [59,107,141,163,270] On the contrary, moderate to 
severe hypoxia resulted in almost doubled tcpC02 readings in a number of newborn infants, 
if compared to arterial pC02 values This phenomenon may be attributed to peripheral 
vasoconstriction and altered tissue metabolism during hypoxia [24] Experience in fetal 
tcpC02 recording during labour is limited Some promising results have been published on 
earlier occasions [174,224] The goal of the present multi-centre study was to evaluate the 
clinical applicability of tcpC02 recording in the fetus during the process of labour For this 
purpose fetal tcpC02 values were compared with pC02 values measured in fetal scalp and 
umbilical artery blood 
4.2.3 Subjects and methods 
The departments of Obstetrics and Gynaecology of the Universities of Bonn and 
Copenhagen, and the Free University of Amsterdam co-operated in the European 
Community Concerted Action Project 'New Methods for Perinatal Surveillance' One of the 
topics studied within this project concerned the value of tcpC02 monitoring during labour for 
the detection of fetal distress A protocol was designed to study this subject The protocol 
was approved by the ethical committees of the participating centres All women gave 
informed consent 
To record fetal tcpC02 levels a Radiometer E5230 tcpC02 electrode was used, 
which has been described in detail by Hazinsky and Sevennghaus in 19Θ2 The electrode 
was heated to 41 °C After calibration the sensor was sterilised in glutaraldehyde (CidexR) 
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The electrode was fixed to the fetal scalp by suction application during vaginal examination 
[173] 
One hundred and six women were included in the study (Amsterdam 32, Bonn 32, 
Copenhagen 42) Because of technical problems, especially dislocation of the electrode, 11 
recordings had to be excluded from further analysis, remanding 95 tracings for further 
evaluation (Amsterdam 30 Bonn 28 Copenhagen 37) 
In Amsterdam and Copenhagen patients who were admitted in labour were 
randomly asked to cooperate in the study The tcpC02 electrode was placed when they 
agreed after informed consent In Bonn patients with decelerative fetal heart rate patterns 
were selected and the tcpC02 electrode was placed after fetal blood sampling 
Fetal tcpC02 levels were studied during the first and second stage of labour The 
mean recording time was 113 ± 87 mm (inter quartile range 46-160 mm) during the fist 
stage and 30 ± 27 mm (inter quartile range 10-40 mm) during the second stage of labour 
In the Bonn population fetal tcpC02 was recorded significantly shorter (P < 0 001) during 
the second stage with a mean duration of 18 ± 10 mm compared to the Amsterdam 
(36 ± 22 mm) and Copenhagen (29 ± 26 mm) population 
Fetal tcpC02 levels were compared with pC02 levels in fetal scalp blood and blood 
drawn from the umbilical artery and vein following birth of the infant 
4.2.4 Results 
Significant differences were not found with Kruskal-Wallis one-way analysis of 
variance between the three study groups with regard to amenorrhea at delivery, duration of 
labour, parity and fetal outcome (Table 4 2 1) 
Table 4 2 1 Obstetric characteristics of the studied populations (date are expressed as mean±SD) 
Amsterdam Bonn Copenhagen 
(n = 30) (n = 28) (n = 37) 
Amenorrhea (days) 
1st period (mm) 
2nd period (mm) 
Gravidity 
Parity 
Birthweight (g) 
1 min Apgar score 
5 mm Apgar score 
pH umbilical artery 
280 ±8 
495 ± 321 
38 ±27 
26 ±1 8 
0 9 ± 1 3 
3419 ±390 
8 2 ± 1 7 
96 ± 0 9 
7 26 ± 0 06 
281 ±8 
not available 
26 ±31 
1 8 ± 0 8 
06 ± 0 6 
3558 ±591 
8 1 ± 1 0 
9 4 ± 0 7 
7 26 ± 0 07 
276 ± 11 
524 ±288 
31 ±33 
2 6 ± 1 2 
0 8 ± 1 0 
3353 ± 497 
8 5 ± 1 3 
99 ± 0 4 
7 29 ± 0 08 
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The incidence of instrumental deliveries and epidural analgesia in the 
sub-populations is described in Table 4.2.2. There were marked differences between the 
sub-populations in this regard. In Amsterdam the incidence of obstetric interventions was 
27%, in Copenhagen 51% and in Bonn 54%. Of those cases instrumental delivery for fetal 
distress was performed in Amsterdam in 30% (3/8), in Bonn in 67% (10/15, seven times by 
Cesarean section) and in Copenhagen in 21% (4/19). There were no marked differences 
with regard to fetal outcome. 
Table 4.2.2 Incidence of instrumental deliveries and epidural anaesthesia 
Forcipal extraction 
Vacuum extraction 
Cesarean section 
Epidural anaesthesia 
Amsterdam 
(n = 30) 
4 (13%) 
1 ( 3%) 
3 (10%) 
9 (30%) 
Bonn 
(n = 28) 
0 
6 (21%) 
9 (32%) 
19 (68%) 
Copenhagen 
(n = 37) 
1 ( 3%) 
13 (35%) 
5 (14%) 
11 (30%) 
Transcutaneous pC02 levels were calculated for each fetus over the first and 
second stage of labour. The mean fetal tcpC02 in the total population was 7.3 ± 1.4 kPa 
(median 7.1) during the first stage and 7.5 ± 1.9 kPa (median 7.7) during the second stage 
of labour (Fig. 4.2.1). 
kPa lelaltcpC02(i 1SD.-ISD) numbei ol cases (bars) 
12 
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-300 -250 - 2 0 0 - 1 5 0 - 1 0 0 -50 0 
minutes before and alter lull dilatation (0) 
Figure 4.2.1 Fetal tcpC02 levels during labour. Overall results of the population of Amsterdam, Bonn 
and Copenhagen 
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Mean fetal tcpC02 remained rather constant during the first stage of labour. 
TcpC02 levels dropped somewhat, but not significantly, in the last hour before full dilatation. 
During the first stage of labour the mean fetal tcpC02 values were for Amsterdam 
7.6 ± 1.5 kPa (median 7.1 kPa), for Bonn 7.0 ± 1.5 kPa (median 6.8 kPa) and for 
Copenhagen 7.4 ± 1.5 kPa (median 7.5 kPa). In Fig. 4.2.2 the curves for the three sub-
populations are displayed. Assuming that the three groups are random samples of the same 
population, a Kruskal-Wallis analysis was performed. The calculated P-value was 0.40, so 
the three groups could be considered to originate the first stage of labour from the same 
population. During the second stage the average fetal tcpC02 values increased at a rate of 
1.44 kPa/h(P< 0.001). 
The tcpC02 curves composed for the three sub-populations diverged particularly 
during that stage. A slight but significant decrease in the tcpC02 was noticed of 0.6 kPa 
(r = -0.86, Ρ < 0.01) after 60 min in the second stage in the Amsterdam population 
(Fig. 4.2.2A). TcpC02 in the Bonn population (Fig. 4.2.2B) decreased 1.5 kPa during the 
first 30 min to a mean level of 4.50 kPa (r = -.067, 0.1 < Ρ < 0.05). After 30 min the number 
of recordings was too low to permit further calculations. A significant increase of 2.4 kPa in 
fetal tcpC02 was noticed in the sub-population of Copenhagen (Fig. 4.2.2C) in the second 
stage of labour (r = 0.97, Ρ < 0.001 
o' cases(DüíSi 
-250 -200 -150 -100 -50 0 
minutes beioie and aite' tu" a u c t i o n (0) 
Fig. 4.2.2 Fetal tcpC02 levels in the three sub populations (time interval 0 indicates the moment of 
full dilatation) (4.2.2A upper left, 4.2.2B upper right, 4.2.2C below). 
76 Intrapartum surveillance of human fetal oxygenation 
Figure 4.2.3 displays the correlation between fetal tcpC02 levels and pC02 
concentrations in micro blood samples. During the first stage of labour (Fig. 4.2.ЗА) a 
significant linear correlation was found (y = 0.49x + 4.61, r = 0.38, Ρ = 0.02). During the 
second stage (Fig. 4.2.3B) the correlation was weak (y = -0.34x + 9.09, r = -0.20, Ρ = 0.36). 
The correlation between fetal tcpC02 and the pH in fetal blood samples was -0.20 in the 
first stage and -0.14 in the seconds stage of labour. Although marked differences were 
found in tcpC02 levels between the three sub-populations during the second stage of 
labour, no statistical significant differences were found in the correlations between fetal 
tcpC02 and pC02 levels in micro blood samples or pC02 levels in umbilical artery blood. 
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Fig. 4.2.3 Correlation of fetal t c p C 0 2 levels and p C 0 2 levels in fetal blood samples 
(4.2.3A left, 4.2.3B right). 
Fetal tcpC02 levels were also compared with the pC02 levels measured in 
umbilical artery blood. In 56 cases fetal tcpC02 was recorded within 15 min before birth. 
Figure 4.2.4A displays the linear correlation between both methods (y = 0.47x + 4.66, 
r = 0.30, Ρ = 0.01). A significant correlation was also found with the pH umbilical artery 
blood as shown in Fig. 4.2.4B (y = -9.4x + 76.0, r = -0.30, Ρ = 0.01). 
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Fig. 4.2.4 Correlations of fetal pC02 levels and pH and pC0 2 in umbilical artery blood. 
(4.2.4A left, 4.2.4B right) 
Seven of the 8 neonates with an umbilical artery pH <7.20 had tcpC02 levels >8.0 
kPa during the last 15 min of labour. Seventeen out of 48 fetuses with an umbilical artery 
pH >7.20 had a tcpC02 >8.0 kPa. Using the tcpC02 value of 8.0 kPa as a cut-off point to 
predict an umbilical artery pH <7.20, sensitivity was 88%, specificity 65%, positive predictive 
value 29% and negative predictive value 97%. The likelihood ratio of a positive test was 
2.47 and of a negative test 0.13. 
4.2.5 Discussion 
Rather stable tcpC02 levels were found in the current study during the first stage of 
labour. This finding is in agreement with earlier studies on pC02 levels in capillary blood 
obtained by micro blood sampling, in which a small but not significant rise of fetal pC0 2 was 
found [18,216]. In former studies on fetal tcpC02 a significant rise was noticed (1.0-1.7 kPa) 
in the period when cervical dilatation was between 5 and 10 cm [174,224]. 
Schmidt [224] and Nickelsen and Weber [174] found a gradual rise in fetal tcpC02 
during the second stage of labour. The overall result of the present study showed the same 
tendency with a rise of 1.4 kPa during 60 min of pushing. However, there were marked 
differences between the three sub-populations. The strong rise in the Copenhagen 
population dominated the overall result. An easy explanation is not available. One way to 
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explain this finding is that there were marked differences in uterine activity between the 
Copenhagen and Amsterdam populations In the Copenhagen population uterine 
contractions were more frequent (5 4 vs 4 5/10 mm, Ρ = 0 005), while the mean of 
contraction duration was significantly longer (89 vs 76 s, Ρ = 0 0019) in the Copenhagen 
population In the Bonn population there were only few cases in which an intrauterine 
catheter has been applied during the first and second stage of labour 
The explanation for the fall in fetal tcpC02 in the Bonn population during the 
second stage can be found in the policy to place a fetal tcpC02 electrode preferably in 
patients with decelerative fetal heart rate patterns In case fetal tcpC02 was rising, an 
instrumental delivery was performed for fetal distress Patients with stable or decreasing 
fetal tcpC02 levels were left for further evaluation 
Earlier studies on pC02 levels in capillary blood obtained by micro blood sampling 
showed a steady pC02 level during the first 15 mm of the second stage, almost equal to 
those in the first stage of labour During the next 30 mm of pushing an increase was found 
ofabout0 7kPa [122] 
Comparison of fetal tcpC02 levels with pC02 values in micro blood samples 
resulted in a moderate although statistically significant linear correlation (r = 0 38, Ρ = 0 02) 
during the first stage of labour Before 5 cm of cervical dilatation the correlation was 0 41 
(n = 16, Ρ = 0 05), while 0 36 between 6 and 10 cm (n = 22, Ρ = 0 05) A similar tendency 
was described by Schmidt and colleagues, although they found stronger correlations [224] 
When the fetal head was in the pelvic inlet above the inter spinal plane the correlation 
coefficient was 0 85, in the pelvis inlet below the inter spinal plane 0 74 and in the mid 
pelvic plane 0 73 
Earlier studies were performed with an electrode temperature of 44°C The 
temperature of 41°C, as applied in the current study, was chosen during a consensus 
meeting on fetal tcpC02 measurement during labour Reports on tcpC02 monitoring in 
neonates indicated the possibility of skin burning when the electrode was heated to 44°C 
and left in its place for more than 4 h While the minimum temperature for transcutaneous 
measurement of oxygen is 44°C, transcutaneous carbon dioxide levels can be measured 
reliable at lower temperatures [226,270] Effects of the transcutaneous electrode on the skin 
of the fetus cannot be supervised and, for reasons of safety, the temperature of 41 °C was 
selected 
Schmidt also reported a significant correlation (r = 0 66, y = 0 87x +1 33) between 
transcutaneous and capillary pC02 levels in the second stage of labour [226] In the current 
study an apparent relationship was absent Compression of the electrode by the pelvis wall 
or the perineum can have influenced the results Nickelsen and Weber described 
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fluctuations with uterine contractions when the electrode was compressed by the cervical 
edge [172] In the present study at several occasions a decrease in fetal tcpC02 was 
noticed when the caput was deflecting in the pelvic outlet, when the electrode was 
compressed against the perineum During the first 15 mm of the second stage chances are 
less that the electrode is compressed Indeed, when micro blood sampling was performed 
during the first 15 min following full dilatation a significant correlation was found between the 
capillary and transcutaneous pC02 levels, (n = 10, r = 0.59, Ρ - 0.04). 
Fetal tcpC02 levels were compared with pC02 levels in the umbilical artery by 
several authors Grandjean did not find any significant correlation, but in the Toulouse 
material (n = 40) only 9 cases could be evaluated for this purpose [80] Other authors found 
correlation coefficients between 0 60 and 0 91 [89,171,226,251] At higher electrode 
temperatures stronger correlations were found. In the present study a correlation coefficient 
was found of 0 30 (P = 0 01). 
Schmidt described a wide scatter in fetal tcpC02 levels in case of normal pH levels, 
but consistently higher tcpC02 levels when fetal pH was falling below 7.20 [227]. This 
observation could be confirmed in the present study. When fetal tcpC02 remained below 
the cut-off point of 8 kPa, in 97% of the cases fetal pH was >7.20. It can be concluded that 
measurement of fetal tcpC02 can be an additional tool to exclude fetal acidosis during the 
first and second stage of labour. In case of values above 8 kPa further evaluation of fetal 
acid-base balance is indicated 
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4.3 Continuous intrapartum transcutaneous carbon dioxide 
measurements during fetal arrhythmia 
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4.3.1 Abstract 
In nine cases of fetal arrhythmias without cardiac anomalies or congestive heart 
failure a vaginal delivery was attempted Due to these arrhythmias adequate fetal heart rate 
monitoring during labor was not possible 
All cases were continuously monitored during labor with the transcutaneous 
measurement of fetal carbon dioxide tension (tcpC02) Seven patients could be delivered 
spontaneously In one of these cases the newborn was acidotic at birth (pH <7 20 in the 
umbilical artery) which was correctly identified (tcpC02 >60 mmHg) All newborns were 
vigorous (Apgar score after 1 minute >7) 
In cases with uninterpretable fetal heart rate patterns tcpC02 monitoring of the 
fetus during labor is an alternative method of fetal surveillance, which identifies fetal distress 
and can prevent unnecessary operative deliveries 
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4.3.2 Introduction 
In cases of fetal arrhythmias, in particular tachy-arrhythmias, premature beats and 
complete heart block, fetal heart rate patterns are mostly uninterpretable [17] This often 
results in an operative delivery secondary to inadequate fetal surveillance during labor 
In cases where no cardiac anomalies or congestive heart failure are present, a 
vaginal delivery should be attempted [72] This is only possible when the method of fetal 
monitoring is not based on the fetal heart rate The transcutaneous measurement of carbon 
dioxide tension (tcpC02) is an atraumatic continuous method of fetal surveillance [227] It is 
based on physiological diffusion of C02 through the skin, that correlates well with the fetal 
acid base balance [227] It has a good sensitivity in identifying fetal distress in cases with 
suspect or pathologic fetal heart rate patterns [227] 
In this study we investigated the efficacy of fetal monitoring with continuous 
measurement of tcpC02 in cases of fetal arrhythmia during labor 
4.3.3 Material and methods 
Nine cases of fetal arrhythmias (supraventricular tachycardia (2 cases), supraven-
tricular extrasystoles (5 cases), and complete heart block (2 cases), were continuously 
monitored with tcpC02 and fetal blood analysis 
Prenatally a fetal echocardiography (two-dimensional, M-Mode, pulsed wave 
Doppler, Doppler color flow mapping) was performed in all cases First to differentiate the 
arrhythmia, second, to check on structural cardiac malformations and third, to detect 
congestive heart failure 
A combined tcpC02/02 electrode was used This electrode contains a glass 
pH electrode, a reference electrode and a heating element TcpC02 is calculated from 
pH changes caused by C02 diffusion through the skin Oxygen was measured polarographi-
cally (linear current between two small electrodes dependent on the p02) In two cases the 
electrode was combined with a modified tcpC02/O2 neonatal monitor (Hewlett & Packard) 
(Figure 4 3 1), the other seven cases were monitored with a neonatal transcutaneous 
pC02/p02 monitor (Radiometer) (Figure 4 3 2) 
The tcpC02/02 surveillance was conducted at a temperature of 41°C Normal 
values of tcpC02 are below 60 mmHg When the values of tcpC02 were in the pathologic 
range, a fetal blood analysis was performed Before application of the electrode a 
calibration was performed with a 5% C02/02 gas mixture The fetal skin was cleaned from 
blood and mucus and the electrode was made stationary by means of a suction ring The 
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vacuum of 0.2-0.25 atm/cm2 was achieved by a vacuum bellow. Postpartum calibration 
showed a drift of 2% till 10%. 
Figure 4.3.1 Polygraphie representation of fetal heart rate, tcpCCb, tcpC>2 and contractions 
(Hewlett & Packard). The interpretation of the fetal heart rate pattern is not possible 
due to supraventricular tachycardia. ТсрСОг values (around 50 mmHg) are in the 
normal range. The tcp02 values range between 0 and 20 mmHg. 
η α 
ito 
" ' *и. ^ иЛ^ -^Ч-ло^  u o t c i i q ; : > * w S 
"ï i »» І " 
«ι* i. л -, 
•
L
—Іл» : -i-
• t - И л — I -
• I -! - -1 
1-1-4 
• 1. i + - — 1 - - ~ . 
r\ ' А ! -
V;—f v iv j— ІУ i r i *•* ^ 
. J L 
IO f 
* Τ 
4 J 
·! ' I -
5. Ц-і 
fü "Η 
J¿ * 
Figure 4.3.2 Representation of fetal heart rate and contractions and simultaneous registration of tcpCC>2 
and tcp02 (Radiometer). Fetal complete heart block makes interpretation of the fetal heart 
rate impossible. The tcpCC>2 values are in the normal range (around 45 mmHg). 
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4.3.4 Results 
Seven out of mine patients had a spontaneous delivery (Table 4 3 1) In two cases 
a secondary Cesarean section was performed due to arrest of labor Two neonates were 
acidotic at birth (pH <7 20 in the umbilical artery immediately postpartum), which was 
detected by the surveillance method in one case In this case the tcpC02 value rose above 
60 mmHg in the second stage of labor The child was delivered spontaneously with fundal 
expression (umbilical artery pH 7 17, pC02 64 mmHg, Apgar scores 8, 10, 10) 
Table 4.3.1 Result of monitoring in 9 cases of fetal arrhythmia 
Arrhythmia 
Supraventricular 
extrasystoles (SVES) 
Supraventricular tachycardia 
(SVT) 
Complete heart block (CHB) 
Total 
Nr 
5 
2 
2 
9 
Mode of delivery 
spontaneous 
С section 
spontaneous 
C-section 
spontaneous 
C-seclion 
4 
1 
1 
1 
2 
Umb artery 
pH <7 20 
1 
1 
0 
0 
0 
2 
tcpCC-2 
>60 mmHg 
1 
0 
0 
1 
2 
In the other case the child was delivered by secondary Cesarean section due to 
arrest of labor in the first stage The tcpC02 values were in the normal range For a period 
of about 30 minutes prior to the delivery of the neonate, there was no fetal monitoring of 
tcpC02 because of dislocation of the electrode (umbilical artery pH 7 12, pC02 55 mmHg, 
Apgar scores 7, 9, 10) 
In one of the other seven patients tcpC02 values rose above 60 mmHg with the 
child's head on the pelvic floor She had a spontaneous delivery (umbilical artery pH 7 21, 
pC02 60 mmHg, Apgar scores 8, 10, 10) 
4.3.5. Discussion 
The incidence of fetal premature beats is estimated at about 3% to 5% [128]) In most 
cases the extrasystoles cease in the first two weeks after birth It does not lead to conges­
tive heart failure in utero and it is not complicated by mtrautenne hypoxia [72,130] 
A rare complication in fetuses with supraventricular extrasystoles is the occurrence 
of re-entry tachycardias [72,130] These supraventricular tachycardia (SVT) may cause 
intrauterine congestive heart failure and hypoxia sub partu [22,73,130,246] In most cases 
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of SVT antiarrhythmic treatment is necessary, which can be successfully performed 
transplacental^ in the majority of cases [22,73,130,246] 
The incidence of complete heart block (CHB) amounts to 1 in 20 000 newborns 
Fetal CHB is often associated with serious cardiac malformations [74] In these cases fetal 
congestive heart failure with the signs of hydrops is often present On the other hand, in the 
absence of cardiac malformations occurrence of fetal congestive heart failure is very rare in 
CHB In the majority of these cases a maternal auto immune process can be diagnosed 
These mothers are asymptomatic or have the clinical signs of a connective tissue disease, 
mostly systemic lupus erythematosus In theses cases, CHB seems to be strongly 
associated with the presence of maternal IgG anti-SSA/Ro antibodies Over 95% of the 
affected infants without structural cardiac defects are anti-SSA/Ro positive These auto 
antibodies seem to pass the placenta, causing serious lesions of the fetal cardiac 
conduction system In our series, maternal anti-SSA/Ro antibodies are detected in both 
bases of fetal CHB [74] 
A vaginal delivery should be attempted in cases of fetal arrhythmia without 
congestive heart failure of hemodynamic important structural cardiac defect Adequate fetal 
surveillance with fetal heart rate monitoring is in some cases of premature beats and in all 
cases of SVT and CHB impossible The measurement of tcpC02 show good correlation with 
pC02 in fetal blood samples [227] Heating of the electrode will cause additional production 
of C02 m tissue This effect is proportional with the temperature and can be corrected by a 
formula introduced by Sevennghaus [234] 
The tcp02 values do not correlate well with the fetal acid/base balance [227] This 
parameter was used to control the correct attachment of the electrode 
The rather complicated handling of the equipment, such as calibration, 
desinfection, re-application after dislodging of the electrode, prevents routine use of this 
method An additional problem is to identify falsely low or high tcpC02 values which are 
mostly caused by inexperience with the use of the electrode Fetal blood analysis can be 
used to exclude these artefacts 
In conclusion, in cases of fetal arrhythmia detailed echocardiographic and Doppler 
echocardiographic examinations are obligatory to differentiate arrhythmia and to exclude 
cardiac malformation and congestive heart failure When fetal heart rate monitoring is 
unmterpretable, a vaginal delivery is possible using continuous tcpC02 measurements as a 
adequate alternative method of fetal surveillance 
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5.1 Introduction 
Pulse oximetry, which continuously measures the arterial oxygen saturation (Sa02), 
has become a standard monitoring technique in anesthesia, intensive care, and neonatal 
care, and may become equally helpful to the obstetrician in monitoring the fetal condition 
during labor [158,235,257]. It is minimally invasive and easy to use. Moreover, the Sa02 is 
an adequate parameter for the fetal oxygen supply, because 99% of the oxygen in the 
blood is bound to hemoglobin [256]. Finally, fetal Sa02 values are on the steep part of the 
oxygen dissociation curve, due to the relatively low fetal partial pressure of oxygen. 
Consequently, a minor reduction in oxygen supply will lead to a detectable decrease in fetal 
Sa02 (Figure 5.1.1). 
Sa02 CO 
P02 (mm Hg] 
Figure 5.1.1 Maternal and fetal oxygen dissociation curve 
5.1.1 The basic principles of pulse oximetry 
The oxygen saturation of hemoglobin is expressed as a percentage ratio of the 
concentration of oxyhemoglobin [02Hb] to the sum of concentrations of oxyhemoglobin and 
deoxyhemoglobin [HHb]: 
Oxygen saturation = [02Hb] / [02Hb + HHb]. (Eq. 5.1.1) 
The measurement of oxygen saturation in arterial blood with pulse oximetry is based on two 
principles. The first is that oxyhemoglobin and deoxyhemoglobin differ in their absorption 
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spectrum (Fig. 5.1.2) Pulse oximetry uses two wavelengths in the red and Infrared region of 
the light spectrum. In the red region (around 660 nm), deoxyhemoglobin absorbs much 
more light than oxyhemoglobin, while in the infrared region of the spectrum (890-940 nm) 
this is vice versa. These absorption differences of oxyhemoglobin and deoxyhemoglobin 
lead to the visible difference between well oxygenated arterial blood, which looks bright red, 
and less oxygenated venous blood, which appears more brown-violet [195]. 
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Figure 5.1.2 Absorbance spectra of 02Hb and HHb 
The second principle is that cyclic changes of the blood volume in tissue, caused 
by arterial blood, result in detectable pulsatile changes in the absorption of red and infrared 
light (Fig. 5.1.3). During systole the blood volume in the tissue increases, which causes an 
increase in the absorption of both red and infrared light. During diastole the blood volume in 
the tissue and, correspondingly, the absorption of light decrease. 
The absorption of red and infrared light, which is caused by the skin, subcutaneous 
tissue, venous blood, non-pulsatile arterial blood, and other absorbers in the light path leads 
to an additional, non-pulsatile component in the total absorption. The pulsatile or alternating 
component (ac) and the non-pulsatile or direct component (dc) of both red and infrared (IR) 
are used to calculate a red to infrared ratio: 
red to infrared ratio = (acred/dcredV(aciR/dc|R). (Eq. 5.1.2) 
This ratio is assumed to be dependent only on changes in absorption in the arterial vascular 
tissue. 
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Figure 5.1.3 Attenuation of light in tissue, illustrating the non-pulsatile and pulsatile (arterial) 
absorption 
In the pulse oximeter the measured red/infrared ratio is converted into an oxygen 
saturation value, usually denoted by Sp02, which is displayed. Commercial pulse oximeters 
used in anesthesia and intensive care are provided with a calibration line which is obtained 
in hypoxemia studies in healthy adult volunteers. Blood sample Sa02 values, which are 
measured using a multiwavelength oximeter, are used to linearly calibrate the pulse 
oximeter [235,257]. 
The pulse oximeter assumes that all pulsatile signals are caused by pulsations of 
arterial origin. If other pulsatile signals exist (such as venous pulsations or rhythmic motion 
artefacts), they may cause false Sp02 readings. 
All intravascular dyes or pigments on the skin, which cause an unequal absorption 
of red and infrared waves, may also cause an inaccurate reading. For example, meconium 
stained skin caused an inaccurate oxygen saturation reading in a neonate because red light 
is more readily absorbed by meconium than infrared light [112]. 
Furthermore, light is not only absorbed but also scattered. Therefore calibration of 
the pulse oximeter cannot be performed in vitro, as the in vitro situation does not resemble 
the in vivo situation, where different tissue layers and blood volume changes during the 
cardiac cycle result in a heterogeneous distribution of scatterers and absorbers [79]. 
Finally the pulse oximeter cannot detect anemia. Less available hemoglobin will 
lead to a decrease in oxygen supply, as the oxygen binding capacity (oxygen content) will 
be reduced. 
dc/ 
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5.1.2 Adaptations for fetal use 
To adapt this technique for fetal application, changes were made. In transmission 
sensors, which are commonly used for monitoring anesthetic patients and neonates, the 
light emitting diode (LED) and the photo detector are placed on opposite sides of the tissue. 
Light absorption is measured across the vascular bed. These sensors are placed on fingers 
or earlobes and are not suitable for application on the fetus during labor, as the presenting 
part is usually the fetal head (Figure 5.1.4). Reflection sensors were designed, where LED 
and photo detector are placed on the same side of the tissue and light absorption is 
determined from light that scatters back to the surface. This made fetal application possible 
З Р ^ 
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Figure 5.1.4 Transmission and reflectance pulse oximetry 
Sensor application and design 
There are two main approaches for application of the sensor on the fetal head. In 
early studies of fetal pulse oximetry, the sensor was always applied to the fetal scalp using 
suction, gluing or clipping for fixation. Knitza et al. (1993) [133] developed a reflectance 
sensor which incorporates a spiral electrode for fixation on the fetal scalp. Buschmann et al. 
(1992) [33] used the transmission principle to measure fetal oxygen saturation. Instead of 
placing the light source and photo detector side by side on the fetal scalp, they used a 
hollow spiral scalp electrode containing an optical fibre. The LEDs were placed on the 
surface of the skin and transmitted light through the vascular bed to the optical fibre which 
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conveyed the light to the photo detector. Although Plethysmographie signals were detected, 
further results were not reported. 
After early encouraging results (Peat 1988 [189], Johnson 1988 [116], Gardosi 
1989 [67]), it became obvious that the fetal scalp is not the ideal area for measurement. 
Reduced peripheral perfusion, due to caput succedaneum as well as hair, may lead to 
signal attenuation or erroneous measurements. When caput is present, significant optical 
shunting may occur via the edematous area. In this case light reaches the photo detector 
without passing through vascularized tissue. Dark hair absorbs a significant amount of light, 
particularly red light, and this reduces the signal amplitude. To avoid this, Nellcor Ine and 
also Gardosi et al. 1994 [68] developed a reflectance sensor which is placed at the side of 
the fetal face (temple or cheek area) and held in place by means of the pressure of the 
uterine wall (Figure 5.1.5). However, with this approach the sensor cannot be seen during 
application and monitoring, which is a potential problem. Gardosi et al. (1991 [70],1994 [69]) 
has shown that incorrect apposition of the sensor may lead to false readings. Therefore the 
sensor should incorporate a means of assessing the correct placement on the fetal skin. 
Figure 5.1.5 Sensor placed at the temple or cheek area of the fetal face 
The fetal oximeter and the sensor used in the studies presented in this thesis were 
developed by Nellcor Inc. The sensor consists of a flexible silicone tip curved towards the 
uterine wall. After insertion, the sensor is gently pulled back and wedged between the fetal 
face and the uterine wall. Adequate contact between the sensor and the fetal skin is verified 
by measuring the impedance between conductive contacts on the sensor. When contacts 
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В and/or С (Figure 5.1.6) touch tissue, the impedance is high. Low impedance values 
indicate that the contacts are immersed in amniotic fluid and that there is no adequate fetal 
skin-sensor contact. In this case the fetal oximeter will not accept data. 
Sensor tip 
Side view of sensor 
Contact С 
Front view of sensor 
F igure 5.1.6 Front and side view of the sensor (Nellcor prototype FS10) 
After confirmation that the sensor is contacting tissue, the oximeter must determine 
whether the obtained pulsatile signals (plethysmograms) originate from fetal arterial blood. 
Venous pulsations and maternal pulses can be potential interfering signals, if the sensor's 
front surface faces the uterine wall. The detected signal is evaluated by the pulse oximeter 
(Nellcor N400), using a number of weighted variables that describe valid fetal 
plethysmograms. This results in a score that describes signal quality. If the score is above a 
designated value, the detected signal is accepted as valid. The oximeter can also use the 
fetal electrocardiogram (ECG) to cardiosynchronize the red and infrared pulses 
(C-lock Nellcor) and verify, if the red and infrared peak and trough are in phase. A weighted 
moving average of red and infrared ratios over several heart beats is calculated and 
converted into an Sp0 2 value [281]. 
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Fetal and maternal movements, as well as pressure on the sensor during 
contractions, may cause a loss of signal Using the same equipment, Dildy et al (1993) [52] 
reported 40 to 60% adequate signal 
The sensor is supplied sterilized and meant for single use only Dimensions of the 
sensor head are 3x1 cm All surfaces are smooth, and the materials of the sensor have been 
tested for sensitization, pyrogenicity and irritation on different body regions 
Thermal safety has been investigated in non-perfused tissue in an in vitro model 
Under these conditions the temperature increase is less than or equal to 3 0°C In well 
perfused tissue like the fetal face, the temperature increase is expected to be smaller 
because of the cooling effect of the blood flow Sensors of this design have been 
extensively used in different centers world-wide in over 2000 patients without complications, 
such as uterine wall perforation, umbilical cord trauma, eye or ear injury, being reported 
[281] Tissue impressions at the sensor site, which all resolved spontaneously, were 
reported by Dildy et al [52] No significant difference in estimated blood loss and maximum 
recorded postpartum temperatures was found in a comparison of 112 women monitored 
using pulse oximetry and 122 matched controls in a retrospective study by Johnson et al 
1994 [110] 
Calibration 
Before clinicians can rely on reflectance pulse oximetry, it should be validated in 
the fetal Sa02 range of 10-80% In the human fetus, double sensor studies can be 
performed by comparing two Sp02 recordings However, a reliable standard is necessary 
for proper validation As such low oxygen values cannot be safely obtained in human 
adults and arterial blood cannot be sampled from the human fetus, animal studies are used 
for calibration This is possible because light absorption of hemoglobin in the visible and 
near-infrared spectral range varies only slightly between species [42] 
In most clinical studies reflectance pulse oximetry sensors with light emitting diodes 
(LEDs) of 660 and 890 (or 940) nm wavelength have been used The accuracy of these 
sensors was good [42,90,117] From early studies, based on 5 fetal lambs, a precision of 
3 5 to 6 6% for the 660/890 (940) nm reflectance pulse oximeters has been reported The 
standard deviation or "precision" of the difference between the Sp02 and sample Sa02 
values describes the random error and gives an indication of what imprecision can be 
expected [26] Later studies with the 660/890 nm sensor, where a greater number of 
animals have been used, have shown inconsistencies between Sp02 values and sample 
Sa02 values Recently, a new sensor with 735/890 nm LEDs has been evaluated and has 
shown promising results (Nijland et al 1995 [178]) 
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The question is to what extent calibration coefficients derived from animal models 
can be used for the human fetus Small differences in the light absorption characteristics of 
hemoglobin in the spectral range and differences in scattering characteristics of erythrocyte 
shape, skin and subcutaneous tissue between mammals might lead to a different calibration 
line for the human fetus This problem cannot yet be overcome 
Clinical studies 
In the first reports of this technique used in the human fetus, the investigators used 
equipment that was designed for adults, without suitable calibration curves and using 
sensors of their own design This may explain the wide range in mean values that were 
reported during normal labor Johnson et al (1991) [113] reported a mean Sp02 value of 
68% (range 11-81%) in the early part of the first stage of labor, which decreased to 58% 
(range 29-81%) at the end of dilation in 86 uncomplicated deliveries Gardosi et al (1991) 
[70] showed a mean Sp02 value of 82% (range 50-95%) in 53 uncomplicated deliveries 
Knitza et al (1994) [132] measured a median value of 60% (range 10-95%) in 
222 unselected deliveries Dildy et al (1993) [52] was the first to report normal values using 
an oximeter and sensor especially designed for fetal use, and validated in adult volunteers 
and fetal sheep He reported a mean Sp02 value of 58% (range between 45-59%) in 
73 subjects Two neonates had a 1 minute Apgar score of less than 7, none had a 5 minute 
Apgar <7 
Different experiments were designed to show that pulse oximetry can actually 
measure human fetal oxygenation For example, there is a difference in the level of arterial 
oxygen saturation in the fetal head and breech, because these regions are supplied by 
pre- and postductal artenes, respectively Readings are expected to be lower in the breech 
Gardosi et al (1991) [70] monitored 3 fetuses and found 27 to 32% lower values compared 
to the normal vertex Knitza (1993) [133] found 20% lower values Both used equipment 
that was not calibrated It remains, however, unclear, if Sp02 values are lower in breeches, 
or if these low values are due to the difference in oxygen supply In the fetal lamb the 
difference in oxygen saturation across the ductus arteriosus is 4-5% and remains the same 
even during hypoxia, when re-distnbution of the blood flow occurs to protect the vital organs 
[180] 
Correlations between oxygen saturation in fetal scalp blood and Sp02 values have 
also been investigated by Luttkus et al (1994) [149] and Langer et al (1994) [140] Luttkus 
et al [149] performed 51 fetal blood samples in 27 cases monitored by pulse oximetry They 
found a correlation of 0 67 between Sp02 and oxygen saturation in the fetal scalp blood 
measured spectrophotometncally, but the difference between the two values ranged from 
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-40 to +35% These values cannol be explained, as blood from the fetal scalp can never 
have a higher oxygen saturation than measured with Sp02, as it is a mixture of arterial 
capillanan and venous blood Luttkus et al observed no correlation of the pH of the fetal 
blood sample with Sp02 values Langer reported on 22 patients where 26 pH scalp 
samplings were obtained A significant correlation was found between fetal Sp02 readings 
during the 10 minutes before the scalp sampling and the scalp pH (r = 0 47) In 16 cases 
Sp02 was correlated with oxygen saturation in the fetal scalp capillary blood with a 
significant correlation coefficient of 0 64 
Pulse oximetry readings were also compared with Sa02 measurements in the 
umbilical cord blood at delivery McNamara et al (1992) [155] and Langer et al (1994) 
[140], both using validated equipment (Nellcor Ine), observed a significant correlation with 
the venous oxygen saturation, arterial pH and venous pH, but not with Sp02 McNamara 
analyzed the data only when there was an acceptable signal within the 30 minutes before 
the birth of the child Langer analysed data when the oximetry signal was obtained within 
15 minutes of birth 
Studies for the validation of this method in the human fetus have limitations 
As fetal oxygen saturation values are on the steep part of the oxygen dissociation curve, a 
small difference in p02 will result in large differences in arterial oxygen saturation Dunng 
the period between the last obtained Sp02 values and umbilical cord blood sampling large 
differences in placenta perfusion and thus in fetal arterial p02 may occur 
The effect of maternal oxygen therapy was studied by McNamara (1993) [156] and 
Dildy (1994) [53], both using validated equipment (Nellcor) In these studies a significant 
increase in Sp02 values was found, when 100% oxygen was given to the mother 
McNamara found an increase of 11%, Dildy reported an increase of 14% When lower 
concentrations of oxygen were given to the mothers, inconsistent results were obtained 
McNamara observed an increase in fetal Sp02 of 7 5% when 27% oxygen was 
administered to the mother However, Dildy et al (1994) [53] found no increase in Sp02 
after supplying 40% oxygen to the mother 
This discrepancy in results was the reason for the re-evaluation of the data 
reported by Dildy et al (1994) [53] described in chapter 5 2 

Chapter 5 Intrapartum fetal pulse oximetry 99 
5.2 Effects of maternal inhalation of 40% oxygen on fetal oxygen 
saturation 
Paul Ρ van den Berg, MD, and Henk W Jongsma, PhD 
Department of Obstetrics and Gynecology Perinatal Research Group University Hospital Nijmegen 
The Netherlands 
American Journal of Obstetrics and Gynecology, 1995,172 June 
(Letter to the Editor) 
To the editors In the paper by Dildy et al (Dildy GA, Clark SL, Loucks CA 
Intrapartum fetal pulse oximetry The effects of maternal hyperoxia on fetal arterial oxygen 
saturation AM J OBSTET GYNECOL 1994,171 1120-4 [53]) the authors did find a significant 
increase in fetal arterial oxygen saturation (Sp02) after giving 100% oxygen to the mother 
during labor, but did not find a change in fetal oxygen saturation at a maternal inspired 
oxygen concentration (Fi02) of 40% The authors question therefore the efficacy of maternal 
oxygen therapy in which inspired oxygen concentrations are mostly below 40% 
Using the authors' data concerning the short-term administration of 40% and 100% 
oxygen, we plotted the fetal Sp02 increase against the initial fetal Sp02 (Fig 5 2 1) The 
Spearman rank correlation coefficient (rs) is -0 84 at 40% and rs=-0 85 at 100% Fi02, which 
is statistically significant at both Fi02 concentrations (p-value 0 005 and 0 004, 
respectively) From the data points and a linear regression fit (see Fig 5 2 1) it appears that 
when the initial fetal Sp02 is around 40%, the Sp0 2 increase is more than 15%, both at 
40% and 100% Fi02 At a higher initial fetal Sp0 2 level (above 50%) no benefit is seen from 
40% Fi02, but 100% Fi02 still has some effect on fetal Sp0 2 The regression line crosses 
the x-axis at 58% for 40% Fi02 and at 73% for 100% Fi02, so that there is a shift to the nght 
with increasing maternal Fi02 
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Fig. 5.2.1 Fetal S p 0 2 increase after 20 minutes of 40% (left figure) or 100% (right figure) oxygen 
administration to the mother plotted against initial fetal S p 0 2 . Data were obtained from 
table I of Dildy et al. (1994) [53] 
A similar analysis applied to the authors' data on long-term (45 minutes) maternal 
oxygen inhalation of 40% oxygen does not show a significant correlation between initial 
value and increase of fetal Sp02. This can partly be explained by the somewhat higher 
mean initial fetal Sp02 in the long-term administration group compared to the short-term 
administration group (58% versus 50%). Other clinical characteristics of the two groups 
studied, for instance different fetal heart rate patterns, might be other reasons for this 
observation. 
Two animal studies [91,117] on the assessment of the accuracy of fetal reflection 
pulse oximetry report a precision of 5.5% to 6.6% at low saturation values. It is encouraging 
that the results of the study of Dildy et al. in human fetuses show some fairly good 
correlations, and that fetal reflectance pulse oximetry is apparently a tool suitable for human 
physiological studies. 
The data of Dildy et al suggest to us that maternal oxygen administration with both 
high (100%) and moderate (40%) oxygen concentrations are beneficial to those fetuses 
who are near a critical oxygen saturation range [179]. Further studies using this new 
technique are warranted; for the analysis of the effects of maternal hyperoxia the initial fetal 
Sp02 should be taken into account. 
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5.3 Intrapartum fetal pulse oximetry: Fetal oxygen saturation 
trends during labor and relationship to delivery outcome 
Gary A. Dildy, M.D.ab, Paul P. van den Berg, M.D.C, Michael Katz, M.D.d, 
Steven L. Clark, M.D.ab, Henk W. Jongsma, Ph.D.c, Jan G. Nijhuis, M.D., Ph.D.c, 
Carol A. Loucks, R.N.b 
Department of Obstetrics and Gynecology, University of Utah, Salt Lake City, USA 
The Intermountain Health Care Perinatal Centers Utah Valley Regional Medical Center, Provo, and 
LDS Hospital, Salt Lake City, USA 
The Department of Obstetrics and Gynecology.University Nijmegen, The Netherlands 
Department of Obstetrics and Gynecology, California Pacific Medical Center, San Francisco, USA 
American Journal of Obstetrics and Gynecology 1994;171:679-684 
5.3.1 Abstract 
Objectives: To study fetal arterial oxygen saturation (Sp02) trends by continuous 
pulse oximetry during labor in subjects with normal and abnormal delivery outcomes. 
Methods: Continuous fetal Sp02 was measured during labor using a noninvasive 
reflectance pulse oximeter designed for fetal application. Averaged Sp0 2 values were 
compared between stage I and stage II of labor, with stage I further subdivided into early 
(<4 cm), middle (5-7 cm), and late (8-10 cm) phases. Abnormal delivery outcome was 
considered for any of the following conditions: gestational age <37 weeks, maternal oxygen 
administration, delivery by Cesarean section, 5-minute Apgar <7, umbilical artery pH <7.10, 
birthweight <2500 g, or newborn intensive care unit admission. 
Results: 291 subjects were studied: 142 in Provo, 90 in Nijmegen, and 59 in San 
Francisco. Subjects with delivery complications (n=125) were evaluated separately from 
those with normal delivery outcome (n=160). Mean+SD fetal Sp02 was 58+10% during the 
cumulative period of study for the normal outcome group. A significant decrease 
(paired t-test, ρ <0.001) in fetal Sp02 occurred from stage I (59+10%) to stage II (53+10%) 
labor. Subdividing stage I into early (<4 cm), middle (5-7 cm), and late (8-10 cm) phases, a 
gradual decreasing trend in fetal Sp02 was observed: 62+9%, 60+11 %, and 58+10%. 
Conclusions: Using reflectance pulse oximetry, a statistically significant decrease 
in fetal Sp02 was observed during labor in women with normal and abnormal delivery 
outcomes. 
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5.3.2 introduction 
Current clinical assessment of fetal well-being during labor is accomplished by fetal 
heart rate monitoring, either by continuous electronic means or intermittent auscultation 
When the fetal heart rate is worrisome or difficult to interpret, various methods such as fetal 
scalp blood pH, fetal scalp stimulation, or acoustic stimulation are used to evaluate fetal 
well-being [38,39] 
Earlier attempts at direct continuous monitoring of fetal acid base status were met 
with limited success Intrapartum monitoring of fetal pH and p02 were reported 
experimentally but have not been developed into a clinically applicable tool 
[1,27,142,240,242 247,277,278] 
Fetal pulse oximetry is a new technology currently being developed for intrapartum 
fetal assessment [70,113,189] We have recently described our initial experience with a 
device designed specifically for intrapartum fetal arterial oxygen saturation (Sp02) 
monitoring, a reliable Sp02 signal was obtained in all subjects, with an average reliable 
signal 50% of the period monitored [52] 
The purpose of the study is to describe the range and trend of fetal arterial oxygen 
saturation during labor at term, in women who had vaginal delivery and normal neonatal 
outcome, with comparison to those who developed delivery complications 
5.3.3 Materials and methods 
Subjects were recruited nonsequentially from Utah Valley Regional Medical Centre, 
Provo, Utah (elevation 4491 feet), Catholic University Nijmegen, the Netherlands (elevation 
45 feet), and California Pacific Medical Centre, San Francisco, CA (elevation, sea level) 
This study was approved by the Institutional Review Board at each of the 
participating institutions All patients enrolled into the study signed written informed consent 
prior to placement of the sensor All subjects were in active labor with ruptured membranes 
Patients were not considered for participation in the presence of placenta previa, 
chonoamnionitis, vaginal bleeding of unknown origin, uterine anomalies, or sexually 
transmitted diseases 
Criteria for exclusion from the normal delivery outcome group in this report were 
multiple gestations, gestational age less than 37 weeks, maternal supplemental oxygen 
administration during labor, delivery by Cesarean section, 5-mmute Apgar score less than 7, 
birthweight less than 2500 g, umbilical artery pH less than 7 10, or newborn intensive care 
unit admission Fetal heart rate patterns were not considered for either inclusion or 
exclusion, although fetal cardiac arrhythmias were considered abnormal Signal quality was 
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considered poor if data did not meet entena [52] or if the data was not entered into the 
computer for later analysis 
The Nellcor N-400 Fetal Pulse Oximeter and FS-10 Oxisensor (Nellcor Ine, 
Hayward, California, USA) were used during this study, a detailed technical description of 
this device is included in a previous publication [52] All monitoring data were recorded 
continuously and stored in a computer Sp02 values were posted with each fetal heart beat, 
however no values were posted during times of signal loss or poor signal quality Sp02 
values reported in this communication are time-weighted averages for each individual 
during each phase of labor, defined as early (<4 cm), middle (5-7 cm), late (8-10 cm), and 
stage II 
Subjects were monitored continuously from sensor placement until delivery or until 
they were discontinued from the study at the discretion of the investigators Arterial and 
venous umbilical cord blood gases were attempted in all subjects Sa02 refers to umbilical 
cord oxygen saturation determined by hemoximeter Neonatal weight, Apgar scores, and 
complications were recorded by the attending pediatrician All neonates were followed from 
delivery until discharge from the hospital 
Mean Sp02 values were compared during stage I and stage II of labor using a 
paired 2-tailed t-test stage I monitoring data were further subdivided into three categories 
early (< 4 cm), middle (5-7 cm), late (8-10) stage I In 99 cases of normal delivery outcome 
where data were available in each phase of labor, repeated measures analysis of variance 
with multiple comparisons was used Statistical analysis was performed with True Epistat 
(Version 4 01, True Epistat, Richardson, Texas) and statistical significance was considered 
atp<0 05 
5.3.4 Results 
Between February, 1992 and May, 1993, 291 subjects were monitored at the three 
study sites 142 at Provo, 90 at Nijmegen, and 59 at San Francisco Of the 291 subjects, 
160 were considered to have normal delivery outcome, 6 subjects had inadequate signal or 
no permanent recording of signal, and 125 subjects had abnormal delivery outcome for one 
or more of the following conditions 3 for multiple gestation, 3 for fetal cardiac arrhythmias 
(2 congenital heart blocks and one supraventricular tachycardia), 12 for gestational age less 
than 37 weeks, 75 for maternal supplemental oxygen administration, 32 for delivery by 
Cesarean section, 3 for 5-mmute Apgar score less than 7, 12 for birthweight less than 
2500 g, 5 for umbilical artery pH less than 7 10, and 15 for newborn intensive care unit 
admission 
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Normal delivery outcome. 160 (83 from Provo, 51 from Nijmegen, and 26 from 
San Francisco) subjects were considered to have normal delivery outcome at term 
Mean+SD maternal age of the normal group was 26 9±7 6 years and gestational age was 
39 7+1 2 weeks Gravidity ranged between 1 and 8, 61 subjects were nulhparous Neonatal 
weight averaged 3206 grams and ranged between 2612 and 4599 grams 
Mean+SD duration of monitonng was 133+92 minutes, with sensor contact 
obtained 68+24% of the time and a reliable signal obtained 49±23% of the duration 
monitored 
Fetal Sp02 measurements (mean+SD) of the normal outcome group during stage I 
(<10 cm) and stage II (> 10 cm) were compared with a paired 2-tailed t-test A significant 
difference (p < 0 001, t = 2 72, 95% CI = 0 98 to 6 35) in Sp02 was noted between stage I 
(59+10%) and stage II (53±10%) of labor 
The data of the normal group were further subdivided with respect to labor into 
early (< 4 cm), mid (5-7 cm), late (8-10 cm) and stage II Table 5 3 1 demonstrates Sp02 
data in each phase of labor at each of the three research sites Table 5 3 2 summarizes 
Sp02 data of the three combined study sites The statistically significant reduction in mean 
Sp02 values for the normal delivery outcome group is shown in Figure 5 3 1 
Table 5.3.1 Intrapartum fetal arterial oxygen saturation (Sp02) values (mean±SD) of 160 
normal vaginal deliveries at 3 research sites 
Stage of labor 
Stage I 
<4cm | 5-7 cm | 8-10 cm | All Stage II Total 
Provo (n=83) 63±10 62±12 58+9 59±10 54±10 57+10 
Nijmegen (n=51) 61 + 10 59+11 55+10 58±10 52+11 57+9 
San Francisco (n =26) 63+ 5 58+10 62+11 63+ 9 55± 8 61+ 9 
Table 5.3.2 Intrapartum fetal arterial oxygen saturation (Sp02) values during progressive stages of 
labor in 160 subjects with normal delivery outcome, combined from three study sites 
Stage of labor 
Stage 1 
< 4 c m 5-7 cm 8-10 cm All Stage II Total 
Number 41 91 109 131 99 160 
of Subjects 
Sp07 62±9 60+11 58+10 59+10 53+10 58+10 
Mean + SD 
Sp02 Median 61 60 57 59 55 58 
Sp02 Range 35-79 29-91 33-81 30-81 18-76 29-78 
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Figure 5.3.1 Individual and mean (± SD) fetal Sp02 values of the normal delivery outcome group are 
plotted during progressive stages of labor for combined data at Provo, Nijmegen, and 
San Francisco. Statistical analysis is by analysis of variance for repeated measures, 
F = 3.35, ρ < 0.05. Comparisons are as follows: 
< 4 cm vs stage II ρ < 0.05 t = 2.32 95% C.I. = 0.6 to 10.4 
5-7 cm vs stage II ρ < 0.05 t = 2.36 95% C.I. = 0.7 to 8.2 
5-7 cm vs 8-10 cm ρ < 0.05 t = 3.13 95% C.I. = 1.3 to 6.0 
< 4 cm vs 8-10 cm ρ < 0.05 t = 2.51 95% C.I. = 0.7 to 7.0 
Abnormal delivery outcome: The abnormal outcome cases were analyzed 
separately (Table 5.3.3). Group A is the previously described "normal outcome" group. 
Group В consists of all the excluded cases, for any of the stated criteria. Group С contains 
subjects excluded for maternal oxygen administration only, with no other reasons for 
exclusion. In general, this group can be considered to have worrisome fetal heart rate 
patterns which lead to supplemental oxygen administration. Group D contains only those 
patients with low umbilical artery pH, low 5-minute Apgar, or those delivered by Cesarean 
section, for any indication. Group E represents the few patients who were excluded for 
either low umbilical artery pH or low 5-minute Apgar score. 
Table 5.3.3 summarizes the Sp02 values for the normal and abnormal subgroups 
during each stage of labor. Statistical comparisons were made with an unpaired t-test 
between the normal group (Group A) and the abnormal outcome groups (B-E). 
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Table 5.3.3 Comparison of normal and abnormal delivery outcomes 
Group A = normal subjects (no exclusion criteria) 
Group В = abnormals (excluded for any criteria) 
Group С = excluded for maternal 0 2 administration, only 
Group D = excluded for low umbilical pH, low Apgar, or C/S 
Group E = excluded for low umbilical pH or low Apgar 
Stage of labor 
Stage I 
< 4 c m | 5-7 cm | 8-10 cm | All Stage II Total 
Group A n=160 62+ 9 60±11 58+10 59±10 53+10 58±10 
Group В n=125 55+11+ 55+12+ 56+13 56+11+ 55+15 55+11 
Group С n= 57 53+11+ 54+10+ 56+11 56+ 9 T 53+13 55+ 9 
Group D n= 3 0 5 2 + 1 0 * 52+12* 5 1 + 1 4 5 2 + 1 0 * 51+17 52+11* 
Group E ñ= 7 61+ 2 48±14* 52+13 50±13T 51 + 16 48±14 
Tp<o 05, *p<0 01, vs Group A, unpaired t-test 
Umbilical cord acid-base data: 98 of the 160 normal subjects and 70 of the 125 
abnormal subjects had umbilical cord gas samples successfully obtained and analyzed The 
normal delivery outcome group had a significantly higher umbilical artery pH (7 25+0 05 vs 
7 21±0 08, ρ <0 001, t = 3 72) and umbilical vein pH (7 35+0 06 vs 7 30+0 06, ρ <0 00001, 
t = 5 05) than the abnormal delivery outcome group, by 2-tailed independent t-test 
5.3.5 Comment 
A large body of literature exists describing intrapartum human fetal blood acid-base 
changes Most of the data are reported in terms of pH, p 0 2 , and p C 0 2 Less data are 
available to describe S a 0 2 [105] 
Using a noninvasive continuous pulse oximeter designed for fetal application, we 
observed a decrease in fetal S p 0 2 during labor, with normal neonatal outcome 
(Figure 5 3 1) This may be anticipated, as previous studies of intrapartum fetal scalp blood 
acid-base analysis have shown reductions of p 0 2 , S a 0 2 , pH, and base excess, with 
increases in p C 0 2 during normal human labor [105] The decreasing trend in S p 0 2 
observed in our continuous oximetry studies and the decreasing S a 0 2 observed in prior 
intermittent fetal scalp blood studies with normal neonatal outcome probably reflect the 
normal "physiologic stress" of labor [137] 
Johnson et al [113] reported from Leeds, England (altitude 245 feet) a significant 
intrapartum reduction in fetal S p 0 2 using a modified adult pulse oximeter These 
investigators noted a mean+SD S p 0 2 of 68+13% at cervical dilation <5 cm and 58±17% at 
cervical dilation >9 cm The mean S p 0 2 values reported in this study, at each center 
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(Table 5 3 1), are somewhat lower than those reported by Johnson et al At comparable 
stages of labor (<4 cm and >10 cm of cervical dilation), our mean+SD Sp02 values were 
62±9% and 53+10%, respectively 
Altitude has been shown to have effects on umbilical cord blood gases 
Yancey et al [275] demonstrated significant effects of altitude on cord blood pH, pC02, 
HC03, and base deficit, however, differences in p02 and Sa02 were not observed 
A more likely explanation for the observed differences in Sp02 would be that the 
British study was performed using an early prototype of a modified adult pulse oximeter, 
whereas our study was performed using a fetal pulse oximeter designed and calibrated 
specifically for the fetal environment Because the earlier studies by Johnson and 
colleagues used a sensor with a suction cup that was placed on the fetal presenting part 
(scalp), which may undergo vascular congestion and stasis, and our sensor was usually 
advanced beyond the scalp with placement against the cheek, one would expect our Sp02 
results to be relatively higher, if different 
Similar Sp02 results were obtained at all three study sites (Table 5 3 1), suggesting 
absence of significant random error m this monitoring system Differences in altitude at each 
of the three study sites appear to have no demonstrable effect on fetal Sp02 
Sp02 values reported in this communication are averages of individuals' 
measurements recorded throughout labor An averaged value was assigned for each 
subject at each labor interval (e g cervical dilation of <4 cm, 5-7 cm, 8-10 cm, and stage II) 
The lower ranges of individuals' averaged Sp02 were predominantly in the low 30's during 
all stages of labor (Table 5 3 2) It should be emphasized that transient reductions in Sp02 
below 30% on a moment to moment basis were observed, however, averaged values for 
individuals during labor remained greater than 30% in this senes with normal neonatal 
outcome In experiments with instrumented fetal sheep, Oeseburg et al [183] demonstrated 
that fetal acid-base imbalance, measured by change in base excess started below an Sp02 
of 30% One potential but unproven source of measurement bias during intrapartum 
monitoring of human fetuses could be that of signal loss during contractions with expulsive 
pushing efforts or during fetal heart rate decelerations, a time when oxygen desaturation 
may occur A falsely elevated Sp02 average could occur if nadir values are not recorded 
during these intervals 
As seen in Figure 5 3 1, only one of the subjects with a normal delivery outcome 
(Nijmegen # 78) had average Sp02 below 30% This 35 year old gravida 4, para 2 was 42 1 
weeks of gestation, and had mean stage I and stage II Sp02 of 30% and 18%, respectively 
She delivered a 3950 gram infant with Apgars of 9 and 10 at one and five minutes 
Umbilical artery pH was 7 13 and umbilical vein pH was 7 30 Duration of labor was quite 
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short, stage I lasted 2 hours (Sp02 was monitored during the final 25 minutes of stage I) 
and stage II lasted only 15 minutes The short duration of this relatively low level of fetal 
hemoglobin oxygen saturation may explain the good neonatal outcome 
The abnormal-outcome patients with low cord pH and low Apgars (Table 5 3 3, 
group E) were too few in number to make valid comparisons, but did appear to have lower 
Sp02 values compared to the normal group The primary limitation of this series of 291 
subjects is that seriously compromised fetuses were rarely encountered, presumably 
secondary to early intervention for non reassuring fetal heart rate patterns Sp02 values 
were not used for clinical management during these studies Among the 7 cases (Group E) 
with low Apgars or low umbilical artery pH, none were admitted to the newborn intensive 
care unit, except for CPMC case # 66, whose stage I Sp02 was 53% Apgars were 4 and 7, 
and umbilical artery and vein pH were 7 09 and 7 19 Nijmegen case # 57 had Apgar scores 
of 3 and 6 at one and five minutes Stage I and II Sp02 were 58% and 43%, and umbilical 
artery pH was 7 22 Ethical considerations will likely result in the requirement of large 
numbers of human subjects to be studied before a substantial number of significantly 
acidotic fetuses may be evaluated 
The Sp02 values among the patients excluded for maternal 0 2 administration 
(Group C) were initially lower than in patients with normal outcome (Group A) These 
subjects had supplemental oxygen administration pnmanly for recurrent variable 
decelerations Despite the initial lower Sp02, there was no decrease in Sp02 during the 
course of labor such as seen in the normal group, perhaps secondary to beneficial long-
term effects of maternal oxygen administration on "stressed" fetuses 
The usefulness of this technique in distinguishing normoxic from hypoxic fetuses 
will in part depend upon the accuracy of the device The N-400 Fetal Oxygen Saturation 
Monitor was calibrated in the range of 10-80% in acutely instrumented fetal sheep and 
between 50-100% in adult human volunteers Jongsma et al [117] compared Sa02 (arterial 
oxygen saturation by hemoximeter) and Sp02 (arterial oxygen saturation by reflectance 
pulse oximeter) in fetal lambs The SD of the residual values at Sa02 <30% and >30% were 
6 6% and 3 5%, respectively Similarly, Hams [90] demonstrated limits of agreement 
(defined as ±2SD) between Sa02 and Sp02 to be 7 06% In a study of acutely instrumented 
fetal lambs using a fetal oxygen saturation monitor, Dassel et al [42] found a 95% 
confidence interval of 9 4% around the calibration curve of Sa02 and Sp02 
Further experience with larger numbers of patients, especially those with abnormal 
fetal acid-base balance, will be required to accurately determine abnormal ranges and 
trends of fetal arterial oxygen saturation during labor This technology may be promising as 
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an adjunct to electronic fetal heart rate monitoring and intermittent fetal scalp blood 
sampling in intrapartum fetal management [54] 
In summary, intrapartum values of fetal arterial oxygen saturation have been 
described in women with normal delivery and neonatal outcome using fetal pulse oximetry 
During the normal physiologic stress of labor, there is a wide range and progressive decline 
in Sp02 with normal neonatal outcome Further studies focused on potentially compromised 
fetuses are needed in order to clearly establish abnormal ranges and clinical correlates, 
prior to widespread clinical use of this method for intrapartum fetal assessment 
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5.4 Intrapartum fetal surveillance of congenital fetal heart block 
with pulse oximetry 
Paul P. van den Berg MD, Roel Nijland MD, Stephan F.J.J, van den Brand MD, 
Henk W. Jongsma PhD, Jan G. Nijhuis MD, PhD 
Department of Obstetrics and Gynecology. Perinatal Research Group, University Hospital Nijmegen, 
The Netherlands 
Obstetrics & Gynecology 1994;84:683-686 
5.4.1 Abstract 
Background: In cases of fetal congenital heart block, the fetal heart rate pattern is 
uninterpretable. This often leads to an operative delivery. Reflectance pulse oximetry is a 
new technique that measures the fetal arterial oxygen saturation (Sa02) continuously during 
labor. This method is potentially useful in intrapartum monitoring of fetuses with congenital 
heart block. 
Cases: Two fetuses with a congenital heart block were monitored with reflection 
pulse oximetry and fetal scalp blood sampling. 
The first patient delivered spontaneously. Adequate signal quality was achieved during 73% 
of the study time. MeantSD Sa02 was 53%+14%. Fetal outcome was good. 
The second subject was delivered by Cesarean, due to arrest of labor. Oxygen saturation 
values were obtained during 89% of the study time. Mean±SD Sa02 was 42%±13%. There 
was a period of 8 minutes with Sa02 values below 20%. Capillary blood pH dropped from 
7.31 to 7.25, whereafter Sa02 values returned to levels above 30% and the capillary blood 
pH normalized. The neonate was born in good condition. 
Conclusion: In fetal congenital heart block adequate surveillance with fetal heart 
rate monitoring during labor is not possible. Continuous information on fetal oxygenation is 
possibly a valuable parameter in assessing the fetal condition and may prevent 
unnecessary obstetric interventions. 
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5.4.2 Introduction: 
In cases of fetal congenital heart block the fetal heart rate will show a bradycardia 
without variability or other changes Other monitoring techniques to assess the fetal 
condition are needed in these cases [259] 
Fetal pulse oximetry is a continuous method to measure arterial oxygen saturation 
(Sa02) Experimentally it has been used to monitor fetal Sa02 during labor and normal 
values have been published [52] We recorded fetal Sa02 using pulse oximetry in two 
fetuses with a congenital heart block Fetal scalp blood sampling was scheduled at two to 
three hour intervals or when Sa02 fell below 30% Monitoring equipment was supplied by 
Nellcor, Ine A sensor operating in reflectance mode was placed against the fetal presenting 
part usually the temple or cheek area where arterial pulses are easiest to obtain The 
sensor does not penetrate the fetal skin and is held in place by pressure of the uterine wall 
Recent publications have described the technical aspects of this method in detail [52 155] 
5.4.3 Case Reports 
Case 1 
A 28 year old gravida 3 para 2 was referred for sonographic assessment at 
20 weeks of gestation She had previously given birth to two healthy infants without compli-
cations Fetal echocardiography demonstrated a ventricular rate of 60 and an atrial rate of 
125 beats per minute without structural anomalies There was no fixed relation between 
ventricular and atrial activity and no signs of congestive heart failure The diagnosis of fetal 
congenital heart block was established Maternal anti-nuclear and anti-Ro antibodies were 
positive 
At 39 weeks of gestation labor was induced by artificial rupture of membranes 
Scalp electrode monitoring showed a rhythm of 50 beats per minute without variability The 
reflection pulse oximetry sensor was introduced when cervical dilatation was 3 cm 
Mean±SD Sa02 was 53%±14% Total study time was 208 minutes An adequate signal 
could be obtained during 73% of the study time (152 minutes) At a dilatation of 5 cm the 
results of a fetal scalp blood sample were pH 7 32, Sa02 35% After a short first and 
second stage of labor a male infant was born spontaneously The neonate weighed 3440g, 
Apgar scores were 8 and 9 at 1 and 5 minutes, respectively, umbilical artery pH was 7 38, 
0 2 18 8 mmHg, pC02 33 0 mmHg, base excess -4 1 mmol/l and Sa02 39% The neonatal 
electro-cardiogram showed a complete heart block with a ventricular rate of 53 beats per 
minute On the second day post partum the infants condition showed progressive 
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respiratory acidosis An epicardial permanent ventricular pacemaker was inserted The baby 
was doing well at 3 months of age 
Case 2 
A 28-year-old primigrávida was referred at 22 weeks of gestation due to a fetal 
bradycardia of 60 beats per minute Fetal echocardiography showed a congenital heart 
block, but no structural anomalies There was a small pericardial effusion (2 to Зггт) and 
slight skin edema Maternal anti-nuclear anti-body and anti-Ro titers were positive, but there 
were no clinical signs of connective tissue disease The subsequent course of pregnancy 
was uneventful, with frequent ultrasound examinations showing normal growth and the 
resolution of congestive heart failure Labor was induced at 39 weeks of gestation At a 
cervical dilatation of 3 am the membranes were ruptured and fetal blood sampling revealed 
the following values pH733, pC0246 5 mmHg, BE -2 7 mmol/l A reflection pulse oximetry 
sensor was introduced Fetal scalp electrode monitoring showed a rhythm of 60 beats per 
minute without beat to beat variability (Figure 5 4 1) Saturation values could be obtained 
during 89% of the study time (469 minutes) Mean±SD Sa02 was 42%±13% The total 
recording of Sa02 values in case 2 can be seen in Figure 5 4 2 During a prolonged first 
stage of labor there was a period of 8 minutes with saturation values below 20% 
(Figure 5 4 2, time 04 40) Fetal scalp blood analysis showed the following values pH7 25, 
pC02 55 5 mmHg, base excess -3,7 mmol/l During the further course of labor saturation 
returned to levels above 30% Subsequent blood samples were taken with pH values in the 
normal range (Figure 5 4 2) Due to lack of progress over 4 hours, at a dilatation of 5 cm, a 
Cesarean section was performed under epidural anaesthesia A female infant was born, 
weighing 3300g Apgar scores were 8 and 9 after 1 and 5 minutes, respectively Umbilical 
artery values were pH 7 32, pC02 37 5 mmHg, p 0 2 27 8 mmHg, base excess -5 2 mmol/l 
and Sa02 55% 
The electrocardiogram indicated a complete heart block, with a ventricular rate of 
75 beats per minute Echocardiography demonstrated an enlarged left ventricle but no 
structural defects, and no signs of congestive heart failure The infant remained in a stable 
condition and she was discharged home without requiring further therapy She was doing 
well at three months of age 
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Figure 5.4.1 Simultaneous recording of electronic fetal heart rate (FHR) (upper panel), intrauterine 
pressure (IUP) (lower panel, thin line) (sampling rate 1Hz) and fetal arterial oxygen 
saturation (Sa02) (lower panel, thick line) (moving average over 10 seconds). 
Bpm=beats per minute 
Sa02 (%) 
pH = 7.31 
01:30 02:30 03:30 04:30 05:30 06:30 
time (hounmin) 
07:30 08:30 09:30 
Figure 5.4.2 Total recording of fetal arterial oxygen saturation (Sa02) measured with reflectance 
pulse oximetry in case 2. Sa02: moving average over 120 seconds; pH: fetal capillary 
blood pH. 
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5.4.4 Comment 
When no cardiac malformations are present, the occurrence of congestive heart 
failure is very rare in congenital heart block In cases of congenital heart block without 
structural cardiac defects or congestive heart failure, a vaginal delivery can be attempted 
[75,130] However, adequate fetal surveillance is not possible due to the uninterpretable 
fetal heart rate pattern (Figure 5 4 1), thus often an elective operative delivery is performed 
If Sa02 is used as the only indicator for sufficient oxygen supply to the fetus, longer 
periods without signal are not acceptable because Sa02 can be a rapidly varying parameter 
(Figure 5 4 1) In both cases it was possible to record the fetal arterial oxygen saturation 
during more than 70% of monitoring time Loss of signal was mainly caused by fetal and 
maternal movements [115] 
A study in fetal lambs indicates that the fetal condition deteriorates below a 
saturation level of 30% [207] When this occurs, oxygen supply appears to be less than 
oxygen need, and anaerobic glycolysis will lead to metabolic acidosis The drop in capillary 
blood pH values (from 7 31 to 7 25) in case 2 (Figure 5 4 2) after 8 minutes of low S a 0 2 
levels (below 20%) seems to confirm this finding In the further course of labor there was 
also a period of approximately 60 minutes with Sa02 values around 30% and normal acid 
base status The mean saturation during this period was 35%, which is possibly above the 
critical saturation value for humans 
In cases of unreassunng or uninterpretable fetal heart rate patterns, fetal pulse 
oximetry may be a tool to further assess fetal condition and possibly prevent unnecessary 
operative interventions Further experience is needed prior to general use of this technique 
It would appear appropriate to evaluate the fetal well-being with scalp blood sampling during 
sustained periods of low fetal arterial oxygen saturation 
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5.5 The validity of monitoring fetal arterial oxygen saturation with 
pulse oximetry during labor 
Paul Ρ van den Berga, Gary A Dildyb, Andreas Lultkus0, Gerald С Masond, 
Carol J Harveye, Jan G Nijhuis3, and Henk W Jongsma3 
Departments of Obstetrics and Gynecology Universities of Nijmegen (NL) Utah (USA) 
Berlin (GER)C Leeds (UK)d and Galveston (USA)" 
submitted 
5.5.1 Abstract 
Objective To determine if oxygen saturation measurement with pulse oximetry 
(Sp02) in combination with electronic fetal monitoring (EFM), improves the assessment of 
the intrapartum fetal condition 
Study design Four referees individually evaluated 119 cases that were monitored 
dunng labor dunng the first session the EFM data were available, and in the second 
session EFM and Sp0 2 data were evaluated They were instructed to indicate the need for 
intervention and to estimate the umbilical artery pH 
Results: In the non-acidotic group (umbilical artery pH >7 15, n=112) the 
average (±SD) number of interventions decreased from 27(±17) to 16(±9) when Sp0 2 was 
available This reduction in number of interventions resulted in an significantly increased 
specificity for two referees In the acidotic group (n=7) the average number of interventions 
also decreased, from 6(±2) to 4(±2), and as a consequence the sensitivity decreased The 
pH estimate based on EFM+Sp02 was higher in both acidotic and non-acidotic fetuses than 
the estimated pH based on EFM alone 
Conclusion: In this study all referees intervened less frequently when Sp02 was 
used as an adjunct to EFM This resulted in fewer unnecessary operative interventions, but 
may also lead to unidentified fetal acidosis The number of acidotic newborns (n=7) was too 
small, however, to draw definite conclusions Larger studies should address the efficacy of 
Sp0 2 in detecting fetal compromise before clinical use can be advocated 
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5.5.2 Introduction 
Conventional electronic fetal heart rate monitoring (EFM), although widely used, 
has not convincingly been shown to be a superior method of fetal surveillance during labor 
compared to intermittent auscultation In fact, it leads to more obstetrical interventions 
without a clear benefit to the fetus [151] Therefore fetal scalp blood sampling has been 
advised to verify the fetal condition, when an unreassunng fetal heart rate pattern occurs 
[260] This method has its drawbacks, requiring operator experience and providing 
information about the fetal acid base balance only at the time of sampling Fetal pulse 
oximetry (Sp02) supplies information about the state of fetal oxygenation It is non-traumatic 
and continuous, and has shown to be a feasible technique to monitor the fetus during labor 
[115] The accuracy of the method has been evaluated in fetal lamb studies [91,117,178] 
The effect of Sp02 monitoring on the assessment of the fetal condition has not been 
published 
The purpose of this study was to determine if the continuous measurement of fetal 
arterial oxygen saturation, as an adjunct to EFM improves the assessment of the fetal 
condition during labor, as compared to the use of EFM alone 
5.5.3 Methods 
Data for this study was collected in five centres, three in Europe and two in the 
United States In all centres the study protocol was approved by the local ethical committee 
and maternal consent was obtained A total of 308 singleton pregnancies between 37 and 
42 weeks were monitored during labor with EFM and Sp02 A specially designed fetal 
oximeter and a prototype reflectance sensor (wavelength 660/890 nm, Nellcor N400/FS10, 
Pleasanton, CA) were used [52] After membranes were ruptured and cervical dilatation was 
at least 2 to 3 cm, the Sp02 sensor was placed on the temple or cheek area of the fetal 
face Adequate contact between sensor and fetal skin was measured by impedance Sp02 
values were blinded to the clinicians managing labor Clinical decisions were made on the 
basis of EFM alone or in combination with fetal blood sampling (depending on the clinics 
own routine) Cord blood samples (artery and vein) were taken immediately after delivery 
All 308 recordings were digitally stored and were sent with case report forms to the 
University Hospital Nijmegen There they were printed out on standardized recording paper, 
with a paper speed of 1 and 3 cm/mm Then the cases were selected according to the 
following criteria at least 45 minutes of continuous electronic fetal monitoring and Sp02 
monitoring, and a maximum interval of 15 minutes between removal of the sensor and birth 
This resulted m 119 cases that were eligible for study 
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Four referees - one from the USA, one from the UK, one from Germany and one 
from The Netherlands, all not involved in the organization of the study, were invited for a 
meeting which was held in Nijmegen, The Netherlands, on September 5 and 6, 1994. The 
referees, all experienced perinatologists, were informed about fetal pulse oximetry and 
results from clinical and animal studies. They all agreed'to a Sp02 value of 30% as the 
lower limit of normal for fetal oxygenation. Clinical information which may influence the fetal 
heart rate pattern or the fetal condition were given (maternal age, parity, gestational age, 
highest temperature during delivery, medication, oxygen, anaesthesia, meconium, duration 
stage 1, time start stage 2, actual neonatal weight). No information was provided on 
obstetric management of the case and the fetal outcome. On the first day, the referees 
received randomly numbered envelopes, each containing an EFM monitoring strip (with the 
paper speed of their preference), case information and a questionnaire. They were 
individually instructed to evaluate the intrapartum fetal condition and indicate the need for 
intervention, when they diagnosed fetal compromise. The referee was also asked to give an 
estimate of the umbilical artery pH, divided in seven classes of 0.05 increments ranging 
from <6.98, 6.98-7.02, etc. to >7.22. 
In the second session, the next day, the envelopes contained a monitoring strip 
with the fetal heart rate, the uterine activity and also the Sp02 (Fig. 5.5.1). Included again 
were case information and their judgement from the first day. They were asked again to 
intervene when fetal compromise was likely and to predict the umbilical artery pH. The 
referees were informed of their positions in the first round, to avoid intra-observer variability. 
In this way, changes in assessment of the fetal condition only resulted from the information 
deducted from Sp02. 
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Figure 5.5.1 Simultaneous recording of fetal heart rate (FHR), uterine activity (UA) and fetal 
arterial oxygen saturation (Sp0 2 ) estimated with pulse oximetry. 
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For the analysis of the data the actual neonatal outcome (umbilical artery pH) was 
related to the opinion of the referee concerning the need for intervention based on EFM and 
EFM combined with SpC>2. For this assessment acidosis was defined as an umbilical artery 
pH<7.15, which is the tenth centile of the population delivered from 1978 to 1980 in the 
University Hospital Nijmegen [60]. The results for both diagnostic techniques were 
summarized in terms of sensitivity and specificity. Sensitivity (the proportion of correctly 
classified acidotic newborns) and specificity (the proportion of correctly classified non-
acidotic newborns) of the diagnosis, "fetal compromise, intervention needed," were 
determined for each referee. The accuracy of pH estimation in the umbilical artery was 
evaluated by the difference between the estimated pH and actual pH (ΔρΗ). Differences 
between the interventions and pH estimates, based on EFM and EFM+SpC>2, were tested 
for significance with the McNemar test and sign test. For small numbers the exact binominal 
distribution was used. A p-value <0.05 was considered significant. 
5.5.4 Results 
From 308 monitored cases, 47 cases (15.3%) were excluded because of no 
simultaneous monitoring with EFM and Sp02 until birth. In 142 cases (46.1%) the interval 
between removal of the sensor and delivery was greater than 15 minutes. This resulted in 
119 recordings that were eligible for use in this study. In Figure 5.5.2 the proportion of 
Cesarean sections and vaginal operative deliveries and spontaneous deliveries in the total 
and the selected population are shown. From Figure 5.5.2 it is clear that operative deliveries 
are under represented in the selected population, especially Cesarean section. From the 42 
C-sections, in the total population, 6 were performed for fetal distress and 36 for failure to 
vag operative c-section vag operative 
c-section
 3 1 % 2 4 o / o 
12% 
spontaneous spontaneous 
57% 73% 
Figure 5.5.2 Proportion of spontaneous, vaginal operative (vag. operative) deliveries and 
Cesarían sections (C-section) in all cases (left pie, n=308), 
and in those included in the study (right pie, n=119). 
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progress. Of the six for fetal distress, three were included in the study. The overall 
intervention rate in the 308 monitored cases was 43% and 27% in the selected population. 
The mean umbilical artery pH was 7.26, both in the selected group (n=119) and in 
the total population (n=308). The total population contained 12 cases with an umbilical 
artery pH <7.15. From the 119 selected cases, the percentage of recording time with 
adequate БрОг signal is shown in Figure 5.5.3. In the acidotic group (pH <7.15, n=7) the 
median percentage of adequate signal was 65% with a range of (14-76%). In the 
non- acidotic group (pH >7.15, n=112) the median was 62% (4-98%). 
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Figure 5.5.3 Percentage of adequate Sp02 signal in the group of selected cases in relation to 
umbilical artery pH 
The average number of interventions (±SD) as indicated by the referees in the non-
acidotic group (n=112) was 27(±17) or 24.1% based on electronic fetal monitoring, and 
16(±9) or 14.3% when Sp0 2 was added. The reduction in number of interventions resulted 
in an increased specificity for all referees. This was significant (p <0.001) for two referees 
(Table 5.5.1). In the acidotic group the average number of interventions also decreased. 
The sensitivity decreased for three of the four referees but no significance at a ρ <0.05 level 
was reached. The acidotic group consisted of only seven cases. The average specificity 
and sensitivity of the four referees based on EFM and EFM combined with БрОг is shown in 
Figure 5.5.4. 
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Table 5.5.1 Sensitivity and specificity of the diagnosis: "Fetal compromise likely, intervention 
needed", based on EFM and EFM combined with Sp02, determined for each referee. 
Sensitivity and specificity are expressed as percentages 
(with 95% confidence intervals). 
REFEREE 
A 
В 
С 
D 
SENSITIVITY 
EFM 
86 (42-100) 
100 (59-100) 
100 (59-100) 
43 (10- 82) 
EFM + Sp02 
86 (42-100) 
43 (10-82) 
_ 71 (29- 96) 
0 (0-41) 
SPECIFICITY 
EFM 
80 (72-87) 
80 (72-87) 
54 (45-64) 
88 (81-94) 
EFM + Sp02 
84 (76-90) 
90 (83-95)* 
75 (66-83)* 
93 (86-97) 
100 90 80 70 
specificity 
* ρ <0.001 
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Figure 5.5.4 Average validity for the four referees, with 95% confidence intervals, 
shaded square: based on EFM; open circle: based on EFM + Sp02; 
dashed line: line of identity identifying a useless test. 
The four referees changed in 9-45% of the cases their estimated pH; for all 
referees these changes were in almost all cases in the direction of the prediction of a better 
fetal condition (Table 5.5.2). Three of the four referees changed their opinion significantly. 
In the non-acidotic group the estimated pH was closer to the actual value after addition of 
the Sp0 2 information: the number of improved pH estimates was greater than the number of 
less accurate estimates (Table 5.5.3). 
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Table 5 5.2 Influence of the addition of Sp02 on the percentages of changed pH estimates and on 
the direction of the change, determined for each referee 
REFEREE 
A 
В 
С 
D 
changed 
pH estimates (%) 
9 2 
45 4 
21 6 
25 2 
pH estimate higher 
(%) 
6 7 
41 2 
190 
193 
pH estimate lower 
(%) 
2 5 
4 2 
2 6 
59 
Sign test 
p-value 
ns 
<0 001 
<0 001 
<0 01 
Table 5 5.3 Number of improved and less accurate pH estimates in relation to the actual pH when 
Sp02 is added, for the acidotic and the non-acidotic group separately, 
determined for each referee 
REFEREE 
A 
В 
С 
D 
pH<7 15 
n=7 
improved 
pH 
estimate 
1 
1 
0 
0 
#less accurate 
pH estimate 
0 
5 
4 
6 
McNemar p-
value 
ns 
ns 
ns 
<0 05 
pH>7 15 
N=112 
#improved 
pH 
estimate 
5 
34 
17 
14 
#less accurate 
pH estimate 
4 
11 
6 
11 
McNemar 
p-value 
ns 
<0 01 
<0 05 
ns 
5.5.5 Comment 
There is an urgent need for non-invasive fetal monitoring techniques because the 
efficacy of current techniques is low However, before new technology should be allowed 
into the labor room, it has to be investigated for its safety and accuracy, and the method 
should be evaluated if it provides a better assessment of the fetal condition leading to a 
better sensitivity and specificity 
The accuracy of reflectance pulse oximetry cannot be investigated in the human 
fetus because arterial blood samples cannot be obtained In fetal lamb studies, Jongsma et 
al [117] and Harris et al [91] published calibration curves and showed good correlations 
(precision of 4 7 to 6 6%, the precision is the expression of the standard deviation of the 
difference between the Sp0 2 and sample Sa02) over the range from 10 to 80% arterial 
oxygen saturation, using equipment similar to that in the study Recently Nijland et al [178] 
reported larger discrepancies between the readings of the oximeter and the arterial oxygen 
saturation values measured in the blood sample (precision 12 9%) 
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The present study is the first that investigates the effect of this new technique on 
the assessment of the fetal well-being during labor In this study a paired comparison is 
made between EFM and EFM combined with SpC>2 Four referees were asked their 
opinions about the fetal condition based on electronic fetal monitoring and subsequently, if 
this opinion was changed by adding the Sp02 Thus, intra-observer vanabihty has to be 
considered Lotgering et al [144] and Nielsen et al [175] showed that there is a large 
discrepancy in the level of agreement, within one observer, in judging the same fetal heart 
rate pattern Because in this study the effect of SpC>2 on the interpretation of the fetal heart 
rate pattern was the primary goal, intra observer variability concerning the fetal heart rate 
was avoided by informing the referee of his position in the first session 
The fetal heart rate is regarded as a sensitive measure of fetal well-being 
However, an unreassunng fetal heart rate pattern has a poor predictive value for fetal 
compromise The results of this study are in agreement with this statement Based on EFM, 
the referees correctly identified the acidotic fetuses to a high extent, but many unnecessary 
interventions were performed in non-acidotic fetuses 
All referees intervened less when Sp02 was added to EFM monitoring This 
resulted in fewer unnecessary interventions but also in fewer identified acidotic fetuses In 
other words specificity improved, whereas sensitivity decreased Only if sensitivity had 
remained the same one could conclude that combined surveillance with EFM and Sp02 is a 
superior diagnostic tool In fact the "average validity that was calculated" could lie on the 
same receiver operating characteristic curve as EFM alone (see Fig 5 5 4) 
The influence of Sp02 on the estimation of the umbilical artery pH was different 
among the four referees Changes in opinion ranged from 9 2 to 45 4% It is noteworthy that 
in the majority of cases (85%) the pH was estimated higher with the availability of Sp02 
data Therefore the accuracy of the estimated pH improved for the non-acidotic (pH >7 15), 
and worsened in the acidotic neonates 
The misjudgement of the acidotic fetuses when Sp02 is added may be caused by a 
non-negligible amount of signal loss Using the same technique, Dildy et al [52] reported an 
average percentage of 50% to 60% adequate signal dunng the first and second stage of 
labor, which is in agreement with the findings in this study The amount of signal loss did not 
differ between the non-acidotic and acidotic group (see Table 5 5 1) However especially 
during contractions when diminished placental perfusion may cause oxygen desaturation, 
signal loss often occurred Therefore the referees may have been falsely reassured by 
Sp02 levels above 30% when registration was available, and the amount of adequate signal 
may have been too low to identify fetuses at risk 
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An Sp02 of 30% has been shown to be the lower limit of normal oxygenation in the 
fetal lamb [179,206] Below this level metabolic acidosis will occur as a result of anaerobic 
glycolysis The critical Sp02 value in the human fetus is not known In a multi centre study, 
Dildy et al [55] reported a wide range of Sp02 values (30-81%) in the human fetus with 
normal outcome But even in fetuses with abnormal delivery and outcome, such as 
unreassunng fetal heart rate, low Apgars and low umbilical artery pH, the average 
saturation did not appear to be lower Signal loss may be the cause of a falsely elevated 
average Sp02 value 
Furthermore one could argue that the cut-off value used to define fetal acidosis 
(pH <7 15) is chosen too high A lower threshold may show a more accurate identification of 
the acidotic fetuses when Sp02 is used In the current study a lower cut-off value, for 
instance pH 7 10, would result in only three acidotic cases 
The pnncipal goal of using fetal pulse oximetry as an adjunct to electronic fetal 
monitoring is to improve the specificity of fetal surveillance (less unnecessary obstetric 
interventions) 
This study is encouraging in that the specificity for predicting fetal compromise was 
improved by adding Sp02 However, we cannot conclude that when Sp02 is combined with 
EFM, the assessment of the fetal condition is more accurate, because the number of 
acidotic fetuses was too small Larger studies should address the efficacy of Sp02 in 
detecting fetal compromise before clinical use can be advocated 
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5.6.1 Abstract 
Objective: To determine the value of fetal pulse oximetry (Sp02) as a tool to 
assess the intrapartum fetal condition 
Study design: By quantitative analysis of the Sp02 tracings of 119 cases, mean 
Sp02 and Sp02 area below 30% were evaluated as measures of fetal oxygenation 
Results: Percentage of monitoring time with Sp02 signals available ranged from 
3-85% (median 44%) Mean Sp02 varied from 25 2-87 5% (median 55 4%) The Spearman 
rank correlation coefficient (rs) between mean Sp02 and the umbilical artery (UA) pH was 
rs=0 19, p=0 04 The Sp0 2 area below 30% and UA pH showed a correlation of rs=-0 28, 
p=0 002 
Conclusion: In this study the Sp02 area below 30% was found to be a more valid 
parameter in predicting neonatal outcome than mean Sp02 
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5.6.2 Introduction 
To improve the efficacy of electronic fetal heart rate monitoring (EFM) an additional 
parameter, that assesses the fetal condition, is needed Continuous information on the fetal 
oxygenation could be helpful The value of continuous measurement of the fetal arterial 
oxygen saturation by pulse oximetry (Sp02) during labor was studied in a recent multi-
center trial [261] This study investigated if the assessment of the fetal condition by using 
EFM combined with Sp02 was improved compared to the use of EFM alone The evaluation 
of the monitoring traces of the fetal heart rate and Sp02 was performed by visual 
assessment by referees The purpose of the present study is to establish the intrinsic value 
of Sp02 monitoring by using an objective method of computerized quantitative analysis of 
the same Sp02 tracings 
5.6.3 Material and Methods 
The data for this study were collected in the five participating centers mentioned 
before The study protocol was approved by each local ethical committee and maternal 
consent was obtained A total of 308 cases were monitored during labor with EFM and 
Sp02 The same fetal oximeter and prototype reflectance sensor (wavelength 660/890 nm, 
Nellcor N400/FS10, Pleasanton, CA) were used in all centers Sp02 values were blinded to 
the clinicians managing labor From these 308 cases, 119 cases were selected which had 
45 to 60 minutes of combined EFM and Sp02 monitoring, and a maximum interval of 
15 minutes between removal of the Sp02 sensor and birth No selection was made 
regarding the amount of time with adequate Sp02 signals Umbilical artery (UA) pH was 
available in all cases 
The Sp02 was stored in digital form on a personal computer disk For the 
quantitative analysis of the intrapartum Sp02 recordings, two measures of saturation were 
evaluated 
One of the evaluated variables was the average of the Sp02 (mean Sp02) over the 
total recording For the other variable we first defined an Sp02 level of 30% as the lower 
limit of normal fetal oxygenation The "Sp02 area below 30%" was defined as the area 
between the level of 30% and the Sp02 curve below this level, divided by the recording time 
with Sp02 signal present (see Fig 5 6 1) The dimension of the Sp02 area below 30% is 
therefore expressed as an absolute saturation percentage 
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Figure 5.6.1 Example of the calculation of the mean Sp02 and the Sp02 area below 30%. 
Lower and middle panel: Uterine activity (UA, recording failed after minute 34) and 
fetal heart rate (FHR). Upper panel: recorded pulse oximetry saturation (Sp02). 
The mean Sp02 was 39.4%. The Sp02 signal was present during 36 min of the 
recording time of 60min (59.9%). The Sp02 area below 30% (2.1%) was computed by 
determining the shaded area (75.6 %min), and dividing this area by the recording time 
with signal present (36 min). The umbilical artery pH of this case was 7.16. 
Both these measures of fetal arterial oxygen saturation were compared with the 
umbilical artery pH, and Spearman rank correlation coefficients (rs) were calculated. 
Receiver Operating Characteristic (ROC) curves were calculated for the prediction of an 
umbilical artery pH <7.15. Varying cut-off levels for the mean Sp0 2 and the Sp0 2 area 
below 30% were used. The difference in specificity between the two methods was tested 
using the McNemar test. 
5.6.4 Results 
The percentage of time with Sp0 2 signals available for analysis varied from 3-85% 
(median 44%). An example of an Sp02 recording and the calculated Sp02 measures is 
given in Fig. 5.6.1. 
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Mean S p 0 2 
The frequency distribution of the mean S p 0 2 of the 119 cases ranged from 25.2 to 
87.5% (median 55.4%, see Fig. 5.6.2). There was a significant but weak correlation 
between the UA pH and the mean S p 0 2 (rs=0.19, p=0.04). The ROC curve for the mean 
S p 0 2 a s parameter for predicting neonatal acidosis is given in Fig. 5.6.3. 
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Figure 5.6.2 Frequency distribution of the mean Sp02 during the last period (45-60 min) before 
birth in 119 cases. 
Specificity 
Figure 5.6.3 ROC curve of the mean Sp02 in predicting UApH <7.15. The numbers in the circles are 
the cut-off values of the mean Sp02 for the plotted combination of sensitivity and 
specificity values. 
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S p 0 2 area below 30% 
The frequency distribution of the Sp0 2 area below 30% ranged from 0-7.5% 
(Fig. 5.6.4). In 37 recordings the Sp02 never fell below 30% and in another 54 cases the 
Sp02 area was less than 0.5%. There was a significant correlation between the S p 0 2 area 
below 30% and the mean Sp02 (rs=0.67, p<10" , see Fig. 5.6.5). The relation between 
umbilical artery pH and Sp0 2 below 30% revealed a correlation of rs=-0.28, p=0.002 
(Fig.5.6.6). 
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Figure 5.6.4 Frequency distribution of the S p 0 2 area below 30% per minute recording time with 
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Figure 5.6.5 Scattergram of S p 0 2 area below 30% versus mean S p 0 2 . 
The Spearman rank correlation coefficient (r s )= 0.67 (p<10~4). 
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Figure 5.6.6 Relation between pH of the umbilical artery and S p 0 2 area below 30%, 
The Spearman rank correlation coefficient = -0.28 (p= 0.002). 
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Figure 5.6.7 ROC curve of the S p 0 2 area below 30% in predicting UApH <7.15. The numbers in the 
circles are the cut-off values of the S p 0 2 area for the plotted combination of 
sensitivity and specificity values. 
Open square symbol: results of referees using visual assessment of both EFM and 
S p 0 2 for the same 119 cases. The solid lines through the open square indicate 95% 
confidence intervals. 
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The ROC curve for the Sp02 area below 30% as parameter for the prediction of 
fetal acidosis is given in Fig. 5.6.7. In this figure it is shown that the sensitivity (57.1%) and 
specificity (85.7%) of the visual assessment of the combination of EFM and Sp02 of these 
cases by the referees is very close to the ROC curve At a sensitivity of 57.1% the 
specificity for the calculated mean Sp02 (ROC curve of Fig. 5.6.3) is 75.9%, whereas the 
specificity by using the Sp02 area below 30% is 86.5% (Fig. 5.6.7); this improvement is 
significant (p=0.01). 
5.6.5 Comment 
Pulse oximetry is routinely used as a method to monitor oxygenation in adult critical 
care, anesthesia and newborn intensive care settings. It has replaced repeated pH and 
blood gas measurements to a large extent. Monitoring of the fetal intrapartum oxygenation, 
however, is mostly performed using EFM, although the fetal heart rate pattern may be 
subject to a variety of interpretations. This may lead to suboptimal intrapartum care, and 
therefore pulse oximetry has been proposed as a verifying tool in cases with an unreassu-
nng fetal heart rate pattern. 
Fetal oxygenation during labor is continuous but variable. Wide ranges of mean 
Sp02 values (30-81 %) have been reported in the human fetus with normal outcome [55]. 
The lower limit of normal oxygenation in the human fetus is not known. In the fetal lamb an 
average Sp02 value below 30% causes anaerobic glycolysis [179,206] and acidosis. 
In this study the relationship between the mean Sp02 and the UApH was 
determined. It appeared that there was a significant but weak correlation between the mean 
Sp02 and the umbilical artery pH. The ROC curve for different cut off values of mean Sp02 
reveals poor values of sensitivity and specificity (Fig. 5.6.3). 
Another approach is the calculation of the area below a certain cut-off value and 
the Sp02 curve. This area is an indication of the amount of insufficient oxygen supply to the 
fetus. A significant correlation was found between Sp02 area below 30% and UApH. The 
ROC curve for various cut-off levels of the Sp02 area below 30%, reveals somewhat better 
results compared with mean Sp02, although sensitivity and specificity remain poor 
(Fig. 5 6.7). The validity of the quantitative analysis using the Sp02 area below 30% is 
comparable to the validity obtained by referees evaluating the same data, using visual 
analysis of both EFM and Sp02 [261]. 
A limitation of this evaluation of mean Sp02 and Sp02 area below 30%, as indica-
tors of fetal oxygenation, is that the influence of the proportion of time without adequate 
signal could not be taken into account. The considerable amount of time (median percen-
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tage of time with available signals 44%, range 3-85%) without adequate signal may have 
influenced the mean Sp02 value and the Sp02 area below 30% 
Other investigators have searched for a relationship between Sp02 values 
measured during labor and neonatal outcome Carbonne et al [35] defined a desaturation 
index as the difference between the mean Sp02 of the last hour of stage one, and the mean 
Sp02 of the last five minutes of available recordings (interval between last Sp02 
measurement and birth <10 minutes) This index correlated with the umbilical vein pH 
(r=0 62) and the 1 minute Apgar score (r=0 71) However, of the 39 patients, only 2 cases 
had an umbilical vein pH below 7 20 and 3 cases were found with an Apgar score below 7 
Furthermore, it is unclear why the information on the fetal oxygenation in the remaining part 
of stage 2 was ignored Seelbach-Gobel et al [232] correlated the duration of time below an 
Sp02 level of 30% and the umbilical artery pH (r=0 48) When the Sp02 was below the 30% 
for more than 10 minutes, more than half of the cases revealed an umbilical artery pH 
below 7 20 Only the duration of time below the 30% level and not the actual Sp02 value 
was taken into account The proportion of adequate signal and the period of time between 
low saturation values and birth cannot be inferred from the reported data 
Jongsma and Eskes (1988) [118] reported the efficacy of intrapartum care in seven 
European university clinics, using EFM on a routine basis and fetal scalp blood sampling 
(FBS) in different frequencies (1 -48%) For this evaluation the relationship between obstetric 
interventions for reasons of fetal distress and the actual neonatal condition was analysed 
Fetal distress was defined as pH and base deficit in the umbilical artery blood more than 
one SD below the mean for the respective clinic The sensitivity or correct classification of 
"distressed" newborns ranged from 20 8 to 31% among clinics The specificity or correct 
classification of newborns with normal outcome ranged from 91 2 to 95 8% The use of fetal 
scalp blood sampling increased the efficacy of fetal monitoring This was also shown in 
another study [260], where a sensitivity and specificity of 52 7% and 93 4% respectively 
were reported In this study EFM was combined with FBS according to a fixed protocol, 
which described when to obtain a sample Fetal distress was defined as UApH <7 20 
Timely interventions with the aim to prevent fetal acidosis may lead to a number of 
so called "false positives" This shows the paradox between an appropriate intervention and 
a lack of test validity [260,119] 
It is evident that there is no single surveillance method yet available, that can 
adequately assess the intrapartum fetal condition The validity of EFM is low, and this 
screening method should be backed up by another technique to verify the fetal condition 
before a management decision is taken [81] 
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In a previous study it was shown that when referees judged the intrapartum fetal 
condition based on EFM combined with Sp02, they suggested fewer interventions than 
when basing their decision on EFM alone [261] This resulted in less interventions both in 
the non-acidotic (pH >7 15) and in the acidotic group Although the specificity of fetal 
surveillance increased when Sp02 was added, larger studies should address the sensitivity 
of Sp02 in predicting fetal compromise, because the number of acidotic fetuses (n=7) was 
too small to draw definite conclusions 
To further improve the sensitivity and specificity of pulse oximetry as a tool to 
assess the fetal condition, the proportion of adequate signal needs to be increased This 
may be achieved by a better sensor design or a different method of application to the fetal 
skin 
Pulse oximetry has not yet proven to be an adequate replacement for the measure-
ment of the fetal acid-base status However combining the diagnostic value of EFM with the 
information gained from Sp02, not only by visual assessment of the Sp02 tracing but also 
by calculating the Sp02 area below 30%, may improve the validity of this combination of 
monitoring tools Further studies should aim to determine this 
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Neonatal mortality has decreased considerably during the last four decades 
Among many other factors that may have contributed to this reduction, such as better 
prenatal and perinatal care, the influence of EFM cannot easily be determined 
The incidence of cerebral palsy has, however, remained stable (2/1000 births) 
Evidence has shown that labor and delivery play only a minor role (3-10%) in the genesis of 
long term neurological dysfunction Therefore EFM should not be evaluated using this 
entity 
Current fetal monitoring techniques, namely EFM and FBS, if properly applied, are 
safe and adequate ways to monitor the fetus during labor and this combination does not 
lead to an excess Cesarean section rate when a fetal capillary pH=7 20 is considered as 
the lower limit of normality However, timely interventions with the aim to prevent fetal 
acidosis, led to a considerable number of so called "false positives" This shows the 
limitation of the assessment of monitoring methods by means of intervention statistics 
When the acid-base status is taken as a measure of fetal oxygenation and 
insufficient oxygen supply causes tissue damage, there must be a relationship between 
fetal acidemia and neonatal morbidity With an umbilical artery pH <7 00 there is a 
significant increase in neonatal multi-organ morbidity The number of cases with such a 
severe acidosis is limited To determine the degree of acidity, which endangers the neonatal 
health, large numbers of acidotic subjects must be evaluated in order to reach a significant 
power This would be facilitated if all neonates needing pediatric assistance were assessed 
according to a standardized procedure and the findings carefully documented 
As EFM is subject to a variety of interpretations, and FBS provides only pin-point 
information on the fetal condition, there is a great need for continuous and preferably non-
invasive monitoring methods, which provide reliable information on the fetal oxygenation 
The two methods investigated in this thesis, namely transcutaneous pC02 
measurement and fetal pulse oximetry, do not yet fulfil these needs 
The use of transcutaneous pC02 monitoring confronts the obstetrician with its 
rather complicated handling and the need for calibration Furthermore, the measurement 
can be disturbed by many factors, such as diminished local perfusion due to caput 
succedaneum, different electrode temperatures and compression of the electrode, which 
may lead to false positive (too high) readings Therefore this approach will probably not lead 
to the desired monitoring tool 
Pulse oximetry is pre-cahbrated, easy to use and continuous Further investigations 
in animal studies must further clarify the accuracy of the method In the human fetus, the 
sensor is not applied to the fetal scalp but to the side of the fetal face, so bypassing 
possible causes for artifacts such as hair and edema The mam problem is, however, the 
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proportion of adequate signal Because 99% of oxygen is bound to hemoglobin and fetal 
arterial oxygen saturation values are on the steep part of the oxygen dissociation curve, 
pulse oximeters will immediately indicate changes in oxygenation A 40% signal loss, which 
often occurs during contractions, may lead to periods of unnoticed insufficient oxygen 
supply. 
Until there are methods that have been proven to measure reliably the fetal 
oxygenation during labor, patients should be monitored by EFM or intermittent auscultation 
as a screening method and FBS as a diagnostic tool The only reason why intermittent 
monitoring for patients without a known risk factor can be accepted is the small chance of 
asphyxia developing in the periods of time which are not monitored However, the absence 
of risk factors before labor cannot safely predict the cases in which fetal compromise will 
develop 
Summary 
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Summary 
In this thesis fetal intrapartum surveillance methods reflecting fetal oxygenation are 
assessed because they may hold the answer to a more adequate way to monitor the fetus 
In the general introduction (chapter 1.) the "why-do-we-need-new-methods-of-
monitormg" question is asked It is concluded that, although EFM is used world-wide, there 
are reasons, for example the ever increasing tendency towards operative interventions and 
litigation, to urge the need for better assessment of the fetal intrapartum condition 
In chapter 2.1.-2.4 a review of signs of inadequate fetal oxygen supply and 
measures to assess these signs is given 
In the nineteenth century meconium had already been noted as a sign of reduction 
in placental activity Nevertheless the importance of meconium as a sign of fetal 
compromise remains controversial, because approximately 20% of live births demonstrate 
meconium in the amniotic fluid, with only a few infants being adversely affected Recent 
studies showed that meconium stained amniotic fluid, especially thick meconium, is a 
marker for a small, but significantly increased, risk of fetal acidosis, low Apgar scores and 
increased neonatal morbidity and mortality 
The fetal heart rate has been used to monitor the fetus since the invention of the 
stethoscope (1821) Fetal bradycardia (<120 bpm) has been recognised as an especially 
ominous sign In the sixties electronic fetal heart rate monitoring (EFM) was introduced, 
which made continuous monitoring of the fetal heart rate (FHR) possible The resulting 
pattern is analysed according to base line values, classification of fetal heart rate 
decelerations, accelerations and variability Apart from hypoxic events, the fetal heart rate 
pattern is also mediated by reflectory influences Difficulty in discriminating between these 
events complicates the assessment of the fetal well-being on the basis of fetal heart rate 
patterns Furthermore, the recognition of FHR patterns is still hampered by considerable 
intra- and inter-observer variability Computerized analysis of the FHR pattern may yield 
better results, but is still in the developmental stage 
In cases of unreassunng FHR patterns, the measurement of the fetal acid-base 
status in fetal scalp blood allows to verify the fetal well-being An acute decrease in 
perfusion, leading to hypercarbia, can be differentiated from a longer lasting, insufficient 
fetal oxygen supply with occurrence of lactic acidosis due to anaerobic glycolysis However, 
this method is invasive and needs adequate training of the obstetrician It gives information 
only at the time of sampling, and therefore several samples are needed to determine a 
trend 
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The efficacy of these current intrapartum fetal monitoring methods has been 
validated using various measures of fetal outcome The most commonly used ones are 
outlined below 
• Apgar scores were for a long time exclusively used as indicators of adequate 
oxygenation during labor There are, however, other causes of neonatal depression, 
which also result in a low Apgar score (e g prematurity, congenital anomalies, infection 
and sedation of the mother) Therefore Apgar scores should not be used as the sole 
index of fetal asphyxia 
• The acid-base assessment in the umbilical cord blood, which is easy to perform, provides 
an objective biochemical measure of fetal oxygenation at delivery Standardized 
sampling, storing and measurement are important in order to obtain reliable results 
• Neonatal multi-organ morbidity may serve as an additional parameter to assess 
intrapartum fetal monitoring techniques A relationship between multi-organ morbidity 
and severe fetal acidosis has been reported Although morbidity scores have been 
devised, there exists no standard evaluation method of assessing the neonatal multi-
organ morbidity 
• However, a standardized method of testing the integrity of the central nervous system 
has been developed, which aims to detect the neonate at risk for later neurological 
morbidity It was introduced in 1964 by Prechtl and Beintema and consists of a series of 
tests, which register the functioning of the neonate's nervous system The predictive 
power with respect to long-term outcome appears to be limited Probably for this reason 
Prechtl's examination has not gained world-wide recognition 
• Long-term neurological morbidity was long thought to be caused by adverse events 
during labor and delivery The incidence is low (2/1000 live born infants) Recent studies 
indicate that only 3-10% of the cases of cerebral palsy are caused by intrapartum 
asphyxia 
To investigate the validity of intrapartum monitoring techniques, diagnostic test 
values such as sensitivity, specificity and positive predictive value have been introduced 
Methods of monitoring must be assessed at the basis of interventions for fetal compromise 
or at outcome measures For the comparison of two monitoring methods, a random 
assignment of subjects to alternative methods is the best way to prevent other factors from 
influencing the results (randomized controlled trial) 
No unambiguous outcome measure is yet available inconsistent correlations 
between Apgar score, umbilical artery (UA) pH and long-term development of the newborn 
were described This is due to different cut-off values (Apgar, pH) and no consensus on the 
definition of neonatal morbidity Severe acidosis in combination with a 5 mm Apgar score <3 
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and evidence of neonatal multi-organ morbidity are therefore proposed as a useful measure 
to identify neonates at nsk for further morbidity due to intrapartum asphyxia 
Today EFM and intermittent auscultation are the most widely used intrapartum 
monitoring techniques Both have a low sensitivity and specificity in respect to outcome 
measures, which leads to undetected fetal acidosis and unnecessary obstetnc 
interventions EFM offers no advantage over intermittent auscultation when there is a high 
level of nursing care Fetal blood sampling increases the sensitivity and specificity of EFM 
In chapter 2.5. new methods of intrapartum fetal monitoring are reviewed Until 
recently the attention focused on two mam approaches fetal ECG wave form and pH and 
blood gas monitoring Newest developments are the measurement of oxygenated 
hemoglobin using near infrared spectroscopy, which estimates the cerebral oxyhemoglobin 
concentration, or pulse oximetry, which measures the arterial oxygen saturation Two of 
these new intrapartum monitoring techniques are highlighted in this thesis, namely the 
transcutaneous measurement of carbon dioxide and reflectance pulse oximetry 
Chapter 3.1. deals with the basic principles of the fetal acid-base balance 
Possible causes of derangement of the fetal acid-base homeostasis are discussed 
Guidelines for obtaining a fetal scalp blood sample (FBS) or umbilical cord sample are given 
to ensure uniformity of the procedure, which makes comparison possible (chapter 3.2) 
In chapter 3 3. the efficacy of EFM combined with FBS is assessed It is shown 
that the combination of these two techniques is a safe and adequate method to monitor the 
fetus, without a resulting high Cesarean section rate However, fetal blood sampling was 
used according to a strict protocol, and no operative delivery for fetal distress was 
performed without verification by fetal blood sampling This protocol resulted in an improved 
detection rate of acidotic fetuses 
In 1965, Saling suggested that an umbilical artery (UA) pH of 7 20 should be taken 
as the lower limit of normality Although generally accepted for many years, this value was 
recently controversially discussed Goldaber suggested an UA pH <7 00 to be a more 
realistic value for defining pathological fetal acidemia 
In chapter 3.4. the significance of an UA pH <7 00 is investigated by companng 
the neonatal morbidity with that of a matched control group with an UA pH >7 24 Significant 
differences were found in the neonatal condition directly post partum, which was assessed 
by considenng neurological, respiratory, cardio-vascular, gastro-mtestmal complications and 
NICU admissions Neonatal complications in the acidotic group were predominant when the 
base deficit was >15mmol/l An UA pH <7 00 combined with a 1 min Apgar score <3 is 
shown to be highly predictive for neurological as well as other neonatal complications In the 
non-acidotic group no 1 mm Apgar score <3 was found Severe acidosis was not 
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uncommon in the studied population (1 3%) Therefore, further studies should be aimed at 
determining the degree of acidity which can safely be used as the lower limit of normality 
with neonatal complications being avoided 
As has been shown in chapter 3 1 , it is possible to adequately supervise the fetus 
during labor with EFM combined with FBS This required an incidence of FBS in 22% of the 
patients Continuous atraumatic methods, which supply information on the fetal 
oxygenation, would be more comfortable for the clinician and the patient and would grant a 
higher degree of safety for the fetus 
Research in human volunteers has to contend with several problems In human 
fetal studies the limited accessibility and difficulties in calibrating the methods hamper the 
evaluation of new techniques Animal models, however, are often unrepresentative and not 
able to reflect the physiology of human parturition 
Another problem lies in the fact that the numbers of patients are mostly too small 
for evaluating the efficacy of new methods In particular the ability of a method to detect 
fetal compromise is difficult to assess because neonates with signs of severe intrapartum 
hypoxia have become rare Therefore collaborative efforts between centers investigating 
new techniques should be welcomed 
In chapter 4 1 the technique of transcutaneous monitoring of carbon dioxide 
(tcpC02) is explained It is based on the diffusion of carbon dioxide through the skin After 
the measuring area has been heated up by the electrode, carbon dioxide diffuses into the 
measuring chamber and causes changes in pH, which are converted into pC02 values The 
problem with the measurement of transcutaneous blood gases is its dependency on local 
perfusion The C02 electrode is applied to the fetal scalp and this capillary bed may well be 
unrepresentative because of stasis and hypoxia In several clinical studies the 
transcutaneous measured pC02 values at different electrode temperatures (39-44°C) have 
been correlated with pC02 values in the UA blood and in the fetal scalp capillary blood The 
correlation between pC02 in the capillary blood and tcpC02 ranged from 0 56 to 0 96, 
between pC02 in the UA and tcpC02 ranged from 0 60 to 0 91 
In chapter 4.2 a multi-center study, using tcpC02 during labor measuring at 41 °C 
is reported Three centres in Copenhagen (DK), Bonn (GER) and Amsterdam (NL) co-
operated to collect the data It was shown that in the first stage of labor tcpC02 values 
remained reasonably stable The mean value ranged from 7 0 to 7 6 kPa In the second 
stage, there were marked differences between the three sub populations In the 
Copenhagen population, a strong rise of tcpC02 (mean increase 2 4 kPa) was observed, 
whereas in Amsterdam and Bonn the mean tcpC02 decreased somewhat (mean decrease 
Amsterdam 0 6 kPa, Bonn 1 5 kPa) towards the end of the second stage There is no easy 
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explanation for these differences In the Copenhagen population, compared to the 
Amsterdam population, the contractions were more frequent and the duration of 
contractions was significantly longer Other explanations may be different obstetnc 
management or different placement of the sensor The correlation between tcpC02 and 
pC02 m fetal scalp blood was 0 38 in the first stage No correlation was found in the second 
stage of labor Fetal tcpC02 levels within 15 mm of birth showed a correlation of 0 3 with 
pC02 in the UA These correlations are considerably lower than reported in previous 
studies Nevertheless a cut-off value of tcpC02 >8kPa had a sensitivity of 88% to detect an 
UApH <7 20, and a specificity of 65% 
Chapter 4.3 deals with tcpC02 measurements performed in nine cases of fetal 
arrhythmia The fetal heart rate patterns in cases of tachyarrhythmias, premature beats and 
complete heart block are mostly uninterpretable Therefore an operative delivery is often 
performed because no adequate surveillance is possible dunng delivery TcpC02, not 
being based on the fetal heart rate, may be an alternative tool to monitor these cases during 
labor In this study the fetal condition was verified by regular FBS Seven of the nine 
subjects were delivered spontaneously, in two cases tcpC02 rose above 60 mmHg (8 kPa) 
shortly before delivery Both were delivered spontaneously, the first case with an umbilical 
artery pH 7 17, pC02 64 mmHg (8 5 kPa), the second with an umbilical artery pH 7 21, 
pC02 60 mmHg (8 kPa) 
In chapter 5.1. pulse oximetry, a possible method to monitor the fetus during labor, 
is explained Pulse oximetry, which is used world-wide for monitoring the oxygenation of 
patients and neonates in intensive care situations, is based on two principles 
• The first is that oxyhemoglobin (02Hb) and deoxyhemoglobin (HHb) differ in their 
absorption spectra for red and infrared light Deoxyhemoglobin absorbs more red light 
than oxyhemoglobin, which makes well-oxygenated arterial blood appear bright red, 
whereas less oxygenated venous blood appears brown-violet 
• The second principle is that cyclic changes of the blood volume in tissue, caused by 
arterial blood, result in detectable pulsatile changes in the absorption of red and infrared 
light 
Based on these two principles, the oximeter calculates by means of an algorithm an oxygen 
saturation value, usually denoted as Sp02 
To adapt this technique to fetal monitoring, the sensor design was changed from 
transmission to reflectance mode, and the oximeter was calibrated for low oxygen saturation 
values (10-80%) Because no arterial blood can be obtained from the human fetus and such 
low saturation values cannot be reached in human volunteers, calibration had to be 
performed using fetal animal models The sensor, used in the studies reported in this thesis, 
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was tested in fetal lambs and found to be accurate In first clinical reports Sp0 2 values 
ranged between 30 and 80% in uncomplicated labor The lower limit of normal oxygenation 
in the human fetus is not known In animal studies 30% appears the be the critical low level 
One possibility of assessing this technique in the human fetus may be investigation 
of the effect of maternal oxygen administration on the fetal Sp02 McNamara et al and 
Dildy et al found an increase in fetal Sp0 2 values when 100% oxygen was given to the 
mother However, Dildy et al found no change in fetal Sp02 after supplying 40% oxygen to 
the mother, while McNamara observed an increase in fetal Sp02 of 7 5% when 27% oxygen 
was administered This urged us to re-assess the data of Dildy et al 
The results of this evaluation are described in chapter 5.2. It was found that, when 
the initial fetal Sp02 was around 40%, it increased by more than 15% when oxygen in 
concentrations of 40 and 100% was administered to the mother (Fi02) At higher initial fetal 
Sp0 2 levels (>50%) no benefit was seen from 40% Fi02, but 100% Fi02 still had some 
effect on the fetal Sp0 2 These results suggest that maternal oxygen administration with 
both high(100%) and moderate(40%) concentrations are beneficial to those fetuses whose 
oxygen saturation is near a critical lower limit 
In chapter 5.3. the mean Sp02 values during labor in relation to the delivery 
outcome are assessed In this multi-center study 291 subjects were monitored at three 
study sites (Provo, USA Nijmegen, NL, San Francisco, USA) Similar Sp02 results were 
obtained at all study sites, suggesting the absence of systematic error in this monitonng 
technique Averaged arterial oxygen saturation values were compared between stage I and 
stage II of labor They were assessed according to a strict definition of normal and abnormal 
delivery outcome In the group with normal outcome the mean (±SD) Sp02 value decreased 
from 59% (±10%) in stage I to 53% (±10%) in stage II Sp0 2 values in the group with 
abnormal outcomes were generally lower, but did not always differ significantly 
Chapter 5.4. deals with two cases of fetal complete heart block (CHB) which were 
monitored with pulse oximetry and fetal scalp blood sampling In cases of CHB the fetal 
heart rate shows a bradycardia without variability or other changes Therefore other tools 
are needed to venfy the fetal well-being Pulse oximetry was used to estimate the fetal 
oxygenation and fetal scalp blood samples were taken in two-hour intervals Additional 
blood samples were taken when Sp02 values fell below 30% Both cases of CHB revealed 
Sp02 values in the normal range In one of the cases fetal Sp02 values fell below 20% over 
an interval of 8 minutes, and the scalp pH dropped from 7 33 to 7 25 After the 
normalization of Sp02, also fetal pH recovered (7 30) One of the cases was delivered 
spontaneously, the other by Cesarean section because labor did not progress Both 
newborns were in good condition 
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In chapter 5.5. it is investigated whether Sp02 measurement in combination with 
EFM improves the assessment of the intrapartum fetal condition To evaluate this, four 
referees were invited for a two day meeting at the Nijmegen University Clinic for the visual 
assessment of 119 selected cases that were monitored with EFM and Sp02 They were 
instructed to indicate the need for intervention when they diagnosed fetal compromise They 
were also asked to give an estimate of the umbilical artery pH On the first day they 
individually evaluated the intrapartum fetal condition on the basis of EFM On the second 
day EFM and Sp02 recording as well as the referee's judgement of the first day were 
supplied For analysis of the data the actual neonatal outcome (UApH) was compared with 
the referee's opinion An umbilical artery pH <7 15 was defined as fetal acidosis It turned 
out that all referees suggested fewer interventions in both the acidotic (n=7) and the non-
acidotic group (n=112) when information on Sp02 was available With EFM and Sp02 
available the estimate of the umbilical artery pH was in 85% of the cases higher than the 
estimate based on EFM alone This mis-classification of acidotic fetuses, when Sp02 was 
added may be caused by loss of signal The amount of adequate Sp02 signal in the non-
acidotic (median 62%, range 4-98%) and the acidotic group (median 65%, range 14-74%) 
did not differ significantly but it may have been too low to identify fetuses at risk Although 
fewer interventions were performed in non-acidotic neonates, a final answer on the 
accuracy of EFM combined with Sp02 cannot yet be given Further studies addressing the 
efficacy of Sp02 in detecting fetal compromise are required 
In chapter 5.6 the same Sp02 tracings that were visually assessed in chapter 5 6, 
were quantitatively analysed to investigate the intrinsic value of pulse oximetry as a tool to 
estimate the fetal condition Two measures of oxygen saturation were evaluated the mean 
Sp02 and the Sp02 area below 30% It appeared that the Sp02 area below 30% gave a 
better prediction of neonatal outcome, and the validity of Sp02 monitoring using this 
parameter was comparable to the validity obtained by referees evaluating the same data 
visually assessing both EFM and Sp02 An increase of the amount of adequate signal 
(median 44%, range 3-85%) may further improve the validity of quantitative measures of 
Sp02 monitoring which, in conjunction with EFM, may lead to a higher efficacy in 
intrapartum fetal surveillance 
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Samenvatting 
In dit proefschrift wordt onderzocht of methoden ter bepaling van de foetale 
oxygenase tijdens de baring een betere foetale bewaking mogelijk maken 
In de algemene introductie (hoofdstuk 1) wordt ingegaan op het waarom van 
nieuwe bewakingsmethoden tijdens de partus De huidige situatie in de geïndustrialiseerde 
landen, waarbij tijdens de bevalling de foetale conditie wordt bewaakt door middel van het 
foetale hartritme, wordt gekenschetst door een stijging van het percentage obstetnsche 
interventies en een verscherping van het medico-legale klimaat Een objectievere 
beoordeling van de foetale conditie tijdens de partus zou deze ontwikkeling de pas af 
kunnen snijden 
Hoofdstuk 2 geeft een overzicht van symptomen van onvoldoende foetale 
oxygenatie en methoden om deze te objectiveren Reeds in het begin van de negentiende 
eeuw werd meconium gezien als een teken van verminderde placenta-activiteit of 
dreigende foetale dood Desalniettemin blijft meconium als teken van foetale nood 
controversieel, omdat in circa 20% van de gevallen tijdens de partus meconium wordt 
geconstateerd, waarbij er dan slechts sporadisch sprake is van tekenen van asfyxie 
Recente studies laten zien dat in het bijzonder dik meconium een risicofactor is, waarbij er 
een iets grotere kans is op foetale acidóse, lage Apgar scores en neonatale morbiditeit en 
mortaliteit 
Kort na de uitvinding van de stethoscoop in 1819 werd ook de hartactie van de 
foetus gehoord en gebruikt om de foetale conditie te bewaken Het optreden van een 
foetale bradycardie (<120 slagen per minuut) werd al snel herkend als omineus teken Toen 
in de zestiger jaren de cardiotocografie (CTG) werd ingemtroduceerd, werd het mogelijk om 
continu het foetale hartritmepatroon te registreren Analyses van het basislijn niveau en 
classificatie van decelerates en variabiliteit werden ontwikkeld De beoordeling van de 
foetale conditie op basis van het foetale hartritmepatroon is niet eenvoudig, omdat het 
foetale hartritme behoudens door hypoxie ook wordt bepaald door andere invloeden, zoals 
baro- en chemoreceptoren en foetale gedrags-loestanden Bovendien is bekend dat er een 
grote mate van "intra- en inter-observer variabiliteit" bestaat bij het beoordelen van dezelfde 
registratie Kwantitatieve analyse van het foetale hartntmepatroon zou in de toekomst de 
interpretatie kunnen verbeteren, maar deze methode staat nog in de kinderschoenen 
Het meten van de foetale zuur-base status door middel van het afnemen van een 
bloedmonster uit de foetale scalp, in geval van suspecte foetale hartfrequentiepatronen, 
levert objectieve parameters ter beoordeling van de foetale oxygenatie Een acute perfusie-
stonng zal zich manifesteren als hypercapnie, en kan gedifferentieerd worden van 
chronisch insufficiente zuurstofverzorging die leidt tot anaerobe glycolyse, met als gevolg 
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lactaat acidóse gecombineerd met een tekort aan buffers (base-deficit) Het afnemen van 
een foetaal bloedmonster is traumatisch en vereist enige oefening Bovendien zijn er meer 
bloedmonsters nodig om een trend te kunnen bepalen 
De doeltreffendheid van het CTG, al dan niet gecombineerd met het afnemen van 
foetale bloedmonsters, is onderzocht aan de hand van verschillende parameters die de 
neonatale conditie beschrijven, zoals bijvoorbeeld de Apgar score, het zuur-base evenwicht 
in navelstrengbloed en neonatale morbiditeit 
De Apgarscore als graadmeter van de neonatale conditie werd lange tijd gebruikt 
als parameter voor een adequate foetale oxygenatie tijdens de partus Er zijn echter andere 
oorzaken van neonatale depressie welke kunnen leiden tot een lage Apgar score, zoals 
prematuriteit, congenitale anomahen, foetale infectie en verdoving of sedatie van de 
moeder Daarom is er veel kntiek op het gebruik van de Apgar score als enige maat voor 
intrapartale foetale oxygenatie 
Een andere manier om een indruk te krijgen over de foetale zuurstofverzorging 
tijdens de partus is het bepalen van de zuur-base status van een bloedmonster uit de 
navelstreng direct post partum Het afnemen, bewaren en bepalen van het bloedmonster 
dient op een gestandaardiseerde manier te gebeuren, daar anders de betrouwbaarheid van 
de meting in het geding komt 
Er is een relatie tussen neonatale morbiditeit en een ernstige acidóse in de 
navelstrengarterie (pH <7 00) Echter, hoewel er verschillende sconngssystemen zijn 
ontworpen, bestaat er nog geen standaard methode om de neonatale "multi-organ" 
morbiditeit te evalueren 
Er is wel een gestandaardiseerde methode om de integriteit van het centrale 
zenuwstelsel van de neonaat te onderzoeken Deze methode werd in 1964 gepubliceerd 
door Prechtl en Beintema De voorspellende waarde voor wat betreft de lange termijn bleek 
echter begrensd Dit is dan ook een van de redenen, waarom het gebruik van deze test 
internationaal gezien beperkt bleef 
Neurologische afwijkingen, zoals spasticiteit of cerebral palsy, werden lange tijd 
gezien als het gevolg van "zuurstofgebrek" tijdens de bevalling Recent onderzoek laat zien 
dat de mcidentie hiervan circa 2 op 1000 levend geborenen is, en dat bij ten hoogste 10% 
van de kinderen met cerebral palsy er een samenhang is met de bevalling 
Er is geen uitkomst variabele bekend, die de lange termijn follow-up van een 
neonaat adequaat kan voorspellen Bovendien is de relatie tussen de Apgar score, de pH in 
de navelstrengarterie en de neonatale morbiditeit inconsistent Een deel van deze 
verwarring is het gevolg van de verschillende grenswaarden die voor Apgar score en pH 
worden gehanteerd Ook is er geen consensus hoe de neonatale morbiditeit van de 
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verschillende organen moet worden gedefinieerd Er is echter voorgesteld een combinatie 
van de verschillende uitkomstvariabelen te gebruiken om de neonaten te kunnen 
identificeren, welke een verhoogd nsico lopen op morbiditeit als gevolg van insufficiente 
intrapartale oxygenatie In deze gevallen moet er sprake zijn van een combinatie van de 
volgende factoren Apgar na 5 minuten <3 ernstige acidóse in de navelstrengartene 
(pH <7 00) en tekenen van neonatale morbiditeit (in meer dan een orgaan) 
Om de effectiviteit van verschillende foetale bewakingstechnieken te onderzoeken 
zullen deze als diagnostische test moeten worden geëvalueerd Het resultaat van een 
diagnostische test wordt samengevat in termen als sensitiviteit en specificiteit Het 
vermogen van een bewakingsmethode om foetale nood te identificeren (sensitiviteit), dan 
wel normaliteit correct aan te tonen (specificiteit), vormt de basis van de vergelijking Een 
correcte vergelijking tussen twee tests dient te gebeuren op basis van gerandomiseerde 
toewijzing van patiënten Dit is de beste manier om te voorkomen dat andere factoren de 
resultaten beïnvloeden 
De huidige foetale bewakingstechnieken hebben een lage sensitiviteit en 
specificiteit, wat leidt tot niet gedecteerde foetale acidóse en onnodige obstetnsche 
interventies BIJ vergelijkingen tussen continue CTG-bewaking en intermitterende 
auscultale (IA) blijkt dat er geen verschil is in uitkomstvariabelen Hierbij dient aangetekend 
te worden, dat in alle studies waar geen verschil werd gevonden er sprake was van 
intensieve foetale bewaking van beide groepen Wel bleek dat het aantal (onnodige) 
obstetnsche interventies verhoogd was in de met CTG bewaakte groep Indien het nemen 
van een foetaal bloedmonster tot de routine behoorde, nam de effectiviteit van de 
intrapartale foetale bewaking toe 
In hoofdstuk 3.1. worden de basisprincipes van het foetale zuur-base evenwicht 
uitgelegd Mogelijk oorzaken, welke dit evenwicht kunnen verstoren, worden besproken 
In hoofdstuk 3.2. worden richtlijnen gegeven voor het afnemen van een foetaal 
bloedmonster of een bloedmonster uit de navelstrengvaten, daar uniformiteit voor het 
maken van vergelijkingen belangrijk is 
In hoofdstuk 3.3. wordt de effectiviteit van het CTG in combinatie met het afnemen 
van een foetaal bloedmonster onderzocht Uit deze studie blijkt, dat de combinatie van deze 
twee technieken een veilige en adequate manier is de foetus tijdens de bevalling te 
bewaken, zonder dat er sprake was van een onnodig hoog percentage keizersnedes 
Gesteld moet worden, dat geen interventie op basis van foetale nood werd verricht, zonder 
dat de foetale conditie werd geverifieerd met een foetaal bloedmonster 
In 1965 definieerde Saling een pH <7 20 als foetale acidóse Deze waarde werd 
jarenlang als zodanig geaccepteerd, hoewel er geen enkele relatie werd gevonden met 
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andere neonatale parameters Anderen suggereerden, dat een pH <7 00 in de navelstreng-
arterie een meer realistische definitie van foetale acidóse zou zijn 
In hoofdstuk 3.4. werden de gevolgen van een ernstige acidóse onderzocht door 
een groep neonaten met een navelstrengarterie (NA) pH <7 00 te vergelijken met een 
nauwkeurig gematchte controlegroep met een NApH >7 24 Er werden significante 
verschillen gevonden in de neonatale conditie direct post partum, maar ook m de 
neurologische, respiratoire, cardio-vasculaire en gastro-intestinale complicaties en opnames 
op de neonatale intensive care Neonaten met complicaties werden vooral gevonden in die 
groep, waarbij de base deficit groter was dan 15 mmol/l De combinatie acidóse in de 
navelstreng met een pH <7 00 en een Apgar score na 1 mm <3 laat een hoge predictieve 
waarde zien voor het krijgen van neurologische complicaties De incidentie van een 
pH <7 00 was 1 3% Verdere studies dienen de pH waarde te bepalen, waarbij er geen 
verschil in neonatale complicaties bestaat tussen acidotische en gematchte neonaten met 
een normaal zuur-base evenwicht 
Indien tijdens de partus regelmatig foetale bloedmonsters worden afgenomen, 
kunnen onnodige obstetnsche interventies vaak worden vermeden Een continue 
atraumatische techniek, welke betrouwbaar de foetale oxygenatie meet, zou echter te 
preferen zijn boven het incidenteel meten van de foetale zuur-base status 
BIJ het zoeken naar nieuwe methoden heeft de aandacht zich tot voor kort vooral 
geconcentreerd op twee benaderingen, nl onderzoek naar het foetale ECG, en het continu 
meten van pH en bloedgassen Recente ontwikkelingen zijn gericht op het meten van 
geoxygeneerd hemoglobine met behulp van near-infrared spectroscopie, waarmee de 
concentratie oxyhemoglobine in het cerebrum gemeten wordt en pulsoxymetrie, welke de 
artenele zuurstofsaturatie meet Twee nieuwe foetale bewakingstechnieken worden belicht 
in dit proefschrift, te weten de transcutane meting van kooldioxide en foetale pulsoxymetrie 
In hoofdstuk 4 1. wordt ingegaan op de techniek van de transcutane kooldioxide 
meting Deze is gebaseerd op diffusie van kooldioxide door de huid De meetelectrode 
verwarmt de huid, waardoor kooldioxide in de meetkamer diffundeert en een pH 
verandering veroorzaakt, welke wordt omgerekend tot een pC02 waarde Een van de 
problemen van het meten van transcutane bloedgassen is de afhankelijkheid van de lokale 
perfusie Tijdens de partus kan als gevolg van compressie van het foetale hoofd door het 
geboortekanaal stasis van bloed optreden, wat leidt tot oedeem en locale hypoxie Dit heeft 
tot gevolg dat de pC02 in het capillaire vaatbed van de foetale hoofdhuid kan verschillen 
van centrale pC02 waarden In verschillende studies is de relatie onderzocht tussen 
transcutaan gemeten pC02 waarden en pC02 waarden in de navelstrengarterie 
(correlatie 0 60-0 91) en foetaal capillair bloed (correlatie 0 56-0 96) 
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In hoofdstuk 4.2. wordt een onderzoek gerapporteerd over de transcutane pC02 
meting tijdens de bevalling waaraan werd medegewerkt door dne centra, te weten 
Kopenhagen, Bonn en Amsterdam Tijdens de ontsluitmgsfase vaneerden de gemiddelde 
tcpC02 waarden, in de drie centra, tussen de 7 0 en 7 6 kPa en bleven relatief stabiel 
Tijdens de uitdrijvingsfase bleken er duidelijke verschillen te zijn tussen de drie sub-
populaties In Kopenhagen werd een toename gemeten (gemiddelde toename 2 4 kPa), 
terwijl in Amsterdam en Bonn de gemiddelde tcpC02 afnam aan het eind van de 
uitdrijvingsfase Deze verschillen zouden kunnen worden verklaard uit het feit dat er in 
Kopenhagen sprake was van een hogere frequentie en een langere duur van de weeën 
Een andere oorzaak zou kunnen zijn dat er sprake was van verschillend obstetnsch beleid 
tussen de centra of een andere plaatsing van de sensor Tijdens de ontsluiting bedroeg de 
correlatie tussen tcpC02 waarden en pC02 waarden in foetaal capillair bloed 0 38 Er werd 
geen correlatie gevonden tijdens de uitdnjvingsfase De correlatie tussen foetale tcpC02 
waarden gemeten korter dan 15 mm voor de geboorte en de pC02 in de navelstrengarterie 
was 0 3 Deze zwakke correlaties contrasteren met eerder gepubliceerde resultaten Een 
tcpC02 >8 kPa liet een sensitiviteit van 88 % en een specificiteit van 65 % zien, wanneer 
foetale nood was gedefinieerd als een pH <7 20 in de navelstrengarterie 
In hoofdstuk 4.3. wordt de transcutane pC02 meting gebruikt ter bewaking van de 
foetale conditie in negen gevallen van foetale aritmie In geval van supra-ventnculaire extra-
systolen, supra-ventnculaire tachycardie en totaal hartblok is het foetale hartfrequentie-
patroon moeilijk te interpreteren In verband hiermee wordt vaak een keizersnede verricht, 
omdat foetale bewaking met behulp van CTG niet mogelijk is Het bewaken van de foetale 
conditie met behulp van tcpC02 leek een alternatief In deze studie werd ter bepaling van 
de foetale conditie regelmatig een foetaal bloedmonster afgenomen Zeven van de negen 
patiënten bevielen spontaan, in twee gevallen was er sprake van een stijging van tcpC02 
boven een niveau van 8 kPa (60 mmHg) kort voor de bevalling Beide patiënten bevielen 
spontaan Analyse van de zuur-base status van de foetus liet in het eerste geval een pH 
van 7 17 zien met een pC02 van 8 5 kPa (64 mmHg), in het tweede geval een pH van 7 21 
met een pC02 van 8 kPa (60 mmHg) 
Pulsoxymetrie is niet meer weg te denken bij de continue bewaking van de 
oxygenatie van patiënten tijdens operaties of op de intensive care Deze methode zou 
mogelijk ook als foetale bewakingsmethode kunnen worden toegepast 
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In hoofdstuk 5.1. worden de twee basisprincipes van pulsoxymetrie, uitgelegd: 
• Geoxygeneerd hemoglobine en gedesoxygeneerd hemoglobine verschillen in absorptie 
spectra voor rood en infra-rood licht. Rood licht wordt door gedesoxygeneerd 
hemoglobine meer geabsorbeerd dan door geoxygeneerd hemoglobine, wat tot gevolg 
heeft dat goed geoxygeneerd arterieel bloed er helder rood uitziet en minder goed 
geoxygeneerd veneus bloed een bruin violetachtige kleur heeft. 
• Ten gevolge van cyclische veranderingen van het bloedvolume in het weefsel 
veroorzaakt door arterieel bloed, ontstaan er pulsatiele verschillen in de absorbtie van 
rood en infrarood licht. 
Op basis van deze twee principes berekent de oxymeter aan de hand van een calibratie 
curve de arteriële zuurstofsaturatie. Deze wordt meestal als Sp02 genoteerd. 
Om deze techniek te kunnen gebruiken als foetale bewakingsmethode waren 
verschillende aanpassingen nodig. Het sensor ontwerp werd veranderd van transmissie 
naar reflectie en de calibratiecurve in de oxymeter moest worden aangepast voor het 
foetale arteriële zuurstofsaturatie niveau, wat zich beweegt tussen 10 en 80%. Omdat het 
afnemen van foetaal arterieel bloed tijdens de partus niet goed mogelijk is en dergelijke 
lage saturatiewaarden bij volwassen vrijwilligers niet kunnen worden bereikt, worden 
calibratie curves afgeleid van studies in het foetale diermodel. De sensor, die in dit 
proefschrift is gebruikt, is getest in het foetale lam en accuraat bevonden. De ondergrens 
van normale oxygenatie bij de humane foetus is niet bekend. Bij foetale lammeren ligt deze 
grens bij circa 30%. 
Het bepalen van het effect van hyperoxygenatie van de moeder op de foetale 
Sp02, kan dienen om deze methode in het humane model te evalueren. Dit onderzoek is 
verricht door McNamara et al. en Dildy et al. Beiden vonden een toename van de foetale 
Sp02, indien door de moeder tijdens de bevalling 100% zuurstof werd ingeademd. Bij 
lagere concentraties van zuurstof suppletie werden verschillende resultaten gemeld. 
Dildy et al. zagen geen verandering van de foetale Sp02, indien de moeder 40 % zuurstof 
kreeg toegediend, terwijl McNamara et al. een gemiddelde toename van 7.5% van Sp02 
vonden, wanneer de moeder 27% zuurstof inademde. Deze discrepantie leidde tot de her-
evaluatie van de data van Dildy et al. 
De resultaten hiervan worden besproken in hoofdstuk 5.2. Gelet op de initiële 
foetale Sp02 bleek dat, indien deze rond de 40% lag, er sprake was van een toename van 
meer dan 15%, wanneer de moeder zuurstofconcentraties inademde van 40 en 100% 
(Fi02). Echter wanneer het initiële foetale Sp02 niveau hoger lag dan 50 %, liet een Fi02 
van 40% geen positief effect zien op de foetale Sp02. 100% Fi02 had echter wel positieve 
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invloed Op deze manier geëvalueerd lijken zowel matemale hyperoxygenatie met 100% als 
met 40% een positief effect te hebben op de foetus met een marginale zuurstof-verzorging 
In hoofdstuk 5.3. worden de gemiddelde Sp02 waarden tijdens de bevalling in 
relatie tot de neonatale conditie onderzocht De data van 291 patiënten werden verzameld 
in drie centra, te weten Provo, USA, Nijmegen, NL en San Francisco, USA De gemiddelde 
Sp02 waarden in de ontsluitings- en de uitdrijvingsfase werden vergeleken ZIJ lagen in 
hetzelfde bereik in de drie centra, wat een systematische fout van deze methode lijkt uit te 
sluiten De intrapartale Sp02 waarden werden bovendien onderzocht op basis van normaal 
en abnormaal verloop tijdens de partus en de neonatale conditie In de groep met een 
goede neonatale conditie werd tijdens de ontsluiting een gemiddelde Sp02 waarde van 
59% (±10%) gemeten, wat significant afnam tot 53% (±10%) tijdens de uitdrijving In het 
algemeen werden lagere waarden (niet altijd significant) gemeten in de groepen met een 
abnormaal geboorte verloop en/of neonatale conditie 
In hoofdstuk 5.4. wordt de Sp02 tijdens de partus gemeten in twee gevallen van 
totaal hart blok (CHB) Wanneer er sprake is van een CHB laat het foetale hartpatroon een 
bradycardie zien zonder vanabihteit of andere veranderingen Cardiotocografie kan dan ook 
niet gebruikt worden ter bewaking van de foetale conditie Twee gevallen van CHB werden 
bewaakt, waarbij elke twee uur een foetaal capillair bloedmonster werd afgenomen 
Bovendien, als er Sp02 waarden optraden onder een niveau van 30%, werd aansluitend 
een foetaal bloedmonster afgenomen Beide gevallen lieten gemiddelde Sp02 waarden in 
het normale bereik zien Gedurende een van de registraties trad er een periode van 8 min 
op met Sp02 waarden beneden de 20% Foetale bloedmonsters lieten een pH verval zien 
van 7 33 naar 7 25 Na normalisering van het foetale Sp02 niveau herstelde ook de zuur-
base status naar een pH van 7 30 Een patiente beviel spontaan, bij de andere patiente 
werd een keizersnede verricht vanwege een niet vorderende ontsluiting Beide neonaten 
werden in goede conditie geboren 
De vraag blijft of de beoordeling van de intrapartale foetale conditie verbetert door 
het toevoegen van een extra parameter, zoals de Sp02, aan de gebruikelijke foetale 
bewakingstechniek Om dit te onderzoeken werden vier ervaren Perinatologen uitgenodigd 
voor een tweedaagse bijeenkomst in Nijmegen om 119 geselecteerde registraties van CTG 
in combinatie met Sp02 te beoordelen (Hoofdstuk 5.5) Als zij foetale nood vaststelden, 
werd hen gevraagd aan te geven wanneer een interventie diende plaats te vinden 
Bovendien werd de pH in de arteria umbilicalis geschat De eerste dag werd door de 
experts, onafhankelijk van elkaar, de foetale conditie op basis van CTG-registraties 
geëvalueerd Op de tweede dag ontving iedere expert de gecombineerde registraties van 
CTG en Sp02 tesamen met zijn mening van de eerste dag De relatie tussen de pH in de 
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arteria umbilicalis en het oordeel van de expert werd geanalyseerd Foetale acidóse werd 
gedefinieerd als een pH <7 15 in de arteria umbilicalis Wanneer Sp02 werd toegevoegd 
bleken alle experts, zowel in de acidotische (n=7), als in de normale populatie (n=112), 
minder interventies voor te stellen De geschatte pH in de artena umbilicalis was bovendien 
in 85% van de gevallen hoger in vergelijking met schattingen gebaseerd op het CTG Het 
niet herkennen van de acidotische foetussen kan zijn veroorzaakt door signaalverhes Het 
percentage adequaat signaal in de acidotische (mediaan 62%, range 4-98%) en normale 
populatie (mediaan 65%, range 14-74%) was niet significant verschillend, maar misschien 
niet voldoende om insufficiente foetale oxygenatie te diagnostiseren Er werden minder 
interventies verricht in de normale populatie, echter voordat een antwoord kan worden 
gegeven op de vraag of CTG in combinatie met Sp02 de beoordeling van de mtrapartale 
conditie verbetert, zal eerst de waarde van Sp02 met betrekking tot de detectie van foetale 
acidóse verder moeten worden onderzocht 
Om de waarde van Sp02 als methode ter beoordeling van de mtrapartale conditie 
nader te onderzoeken werden dezelfde Sp02 registraties als in de voorafgaande studie 
kwantitatief geanalyseerd (hoofdstuk 5.6.) De relatie tussen twee parameters van foetale 
oxygenatie, te weten de gemiddelde Sp02 en de Sp02 oppervlakte onder de 30%, en de 
pH in de artena umbilicalis werd geëvalueerd De Sp02 oppervlakte onder de 30% gaf een 
betere voorspelling van de pH in de navelstrengartene Bovendien bleek dat deze 
parameter een vergelijkbare validiteit het zien als de gemiddelde validiteit van de vier 
experts beschikkend over de informatie van het CTG in combinatie met Sp02 Een toename 
van de hoeveelheid beschikbaar Sp02 signaal kan de validiteit van quantitative Sp02 
parameters verder verbeteren In combinatie met het CTG zou dit kunnen leiden tot een 
effectievere mtrapartale foetale bewaking 
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Stellingen 
behorend bij het proefschrift "Intrapartum surveillance of human fetal oxygenation" 
1. Het feit dat intrapartale bewaking van de foetus met cardiotocografie leidt tot een 
toename van onnodige obstetrische interventies, zegt iets over de effectiviteit van 
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